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Betadine 


BRAND OF POVIDONE-IODINE 


UNSURPASSED BROAD-RANGE 
GERMICIDAL SPRAY 


.. .confirmed in 100 surgical “prepping” procedures’ 


‘The area was wiped dry (after the usual shave, wash, etc.) and povidone-iodine 
[ BETADINE ] sprayed over an adequate surface. Bacteriological cultures 
taken from the sites before and after operation indicated that all pathogens 
were eliminated by this procedure, the only remaining organisms being 
saprophytes and diptheroids.”’ 


..-confirmed in 200 emergency suture cases’ 


“The wounds were cleansed of all foreign material, debrided and sprayed 
with povidone-iodine [BETADINE] prior to suture...All wounds healed 
per primam without side reactions or evidence of local irritation.” 


TOPICALLY APPLIED 


B etadine _ 4 a pathogenic bacteria 


viruses 
fungi 
protozoa 
yeasts 
¢ prolonged release of effective germicidal action 
...Will not lead to the development of resistant strains 
* unique film-forming property protects against invading pathogens...effective 
against Staph. aureus and other organisms resistant to topical antibiotics 
¢ virtually non-irritating to skin and mucosa 


1. Garnes, A. L.; Davidson, E.; Taylor, L. E.; Felix, A. J.; Shidlovsky, B. A., and Prigot, A.: 
Clinical Evaluation of Povidone-Iodine Aerosol Spray in Surgical Practice, Am. J. Surg., 97:49 1959. 


Available: BETADINE Aerosol in 3-o0z. bottles. 
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and address of 
our nearest 
bracemaker- 
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EXTENSION- 


BACK BRACE 


This brace has proven its worth as a satisfactory hyper- 
extension immobilization device in cases of uncomplicated 
compression fracture of the lower thoracic and entire 
lumbar spine. It maintains desired hyperextension as well 
or better than the best applied hyperextension plaster of 
paris cast. The brace weighs only a fraction of the weight 
of a cast, permits desired body hygiene and usually can be 
worn beneath ordinary garments with little or no alteration. 
Another advantage of the brace is its adjustability without 
loss of its hyperextension qualities. 


SPINAL FUSION MODEL—The spinal fusion model has additional advan- 
tages which make it an admirable post-lower fusion brace where minimal 
motion in the fused area is desired. 


MYO-CERVICAL COLLAR 


For cases such as whip-lash injuries, wry neck 
torticollis, etc.; adjustable as to height and 
degree of extension. Lower perimeter adjusts 
automatically to contour of sternum and clavi- 
cal. Light, cool, comfortable and washable; 
provides positive support. Available in small, 
small-special, medium and large sizes. 


Indicated in those conditions requiring positive support and immobilization such 
as whip-lash injuries, wry neck and torticollis; also as an adjunct to braces or 


FLEXION COLLAR plaster casts in certain other post-traumatic and post-operative cervical lesions 
This reversible collar may be used to maintain extension, flexion or stabilization, 


is semi-rigid, ventilated, completely cushioned and adjustable to height, cir 


The Universal Cervical cumference and degree of extension or flexion. All parts are interchangeable 


Collar 


and washable. Available in small, medium and large sizes with interchanging of 
parts to make possible eighteen various sizes by use of double buckle straps 


FLORIDA BRACE CORPORATION 


Post Office Box 1366 Winter Park 3, Florida 
Phone MI dway 4-2650 
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THE PRESCRIPTION-BUILT EXTRA-FIRM MATTRESS 








CURLED HAIR FOR RESILIENT FIRMNESS 
Firm body support without undue 
pressure on nerve points or interfer 
ence with circulation 


HAND-STITCHED SAG-FREE SIDEWALLS 
Sag-free edges allow patients with 
back injuries to get in and out of bed 
with less effort and greater stability 
12% more usable sleeping area 


NEEDS NO “MAKESHIFT” 
INTERPOSED BOARD 


Physicians and orthopaedic specialists know 
that a bedboard—even one that is interposed 
in a mattress—is only an attempt to correct a 
structural weakness and inadequacy in the 
mattress itself. The VITAGENIC by AIRE 
LOOM requires no “make-shift” additions. 


The VITAGENIC is a mattress and box spring combi- 
nation made according to the exact specifications of 
registered orthopaedic specialists. It is an important 
almost essential—adjunct to your plan of treatment 
for pain of backache or sacroiliac injury. You pre- 
scribe the exact degree of firmness necessary for your 
patient as well as any other features required for 
treatment or comfort. 


THE VITAGENIC 1S GUARANTEED FOR 15 YEARS. 
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For full details on the prescription-built VITAGENIC, 


contact: 
BEDDING CO. + 1119 Westminster Ave., Alhambra, Calif. 
created by King Karpen—established 1951 
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“It is axiomatic that 
prosthetic material 

for use within the body 
must be inert.” 


The totality. 
‘e) mes |lal(ers) 
Talslaualesss 





“«_.. the surgeon 
should know as much 
about the material 
he puts into his patients 
as he does 
about the disease 
he is treating.’’’ 


Recently, Burch cogently summarized the criteria for metal appliances; 
he considers it most desirable that the appliance “be electrically neutral 
and entirely passive in the presence of body fluids, and sufficiently rigid 
and strong to do its part mechanically. It should retain its molecular veil 
of passivity in the presence of agitation and friction, and remain com- 
pletely passive in vivo.’’” 


ELECTRIC NEUTRALITY — In a discussion of metals in orthopedic 
surgery, McKee’ emphasizes that even polishing or machining, as used 
in the production of stainless steel appliances, creates an electric poten- 
tial, thus initiating a corrosive process. Such processes can also be trig- 
gered by damaging the investive oxide film and by mechanical stresses.'” 


7 VITA 


in 1947 it was stated: 


“Vitallium appliances can be left in the body indefinitely for... there is no 
damage to tissues, and there is no disintegration or solution of the metal in 
body fluid. As a result, appliances of Vitallium become embedded in bone and 
soft tissue with a minimum of scar tissue formation.”® 


1. McKeever, D. C.: Clin. Orthop., No. 6, p. 17, and Zarek, J. M.: J. Bone & Joint Surg. 37B:527, 
1955. 2. Burch, J. E.: Southern M. J. 51:1390, Nov. 1955. 6. Callahan, J. J.: S. Clin. North 
References: Nov. 1958. 3. McKee, G. K.: Lancet 1:1174, June America, W. B. Saunders Co., Philadelphia, Feb. 
8, 1957. 4. Wright, J. K. and Axon, H. J.: J. Bone 1957, p. 135. 7. Curry, G. J. and Pine, D. K.: Am. 
& Joint Surg. 38B:745, Aug. 1956. 5. Scales, J. T. J. Surg. 95:518, Apr. 1958. 8. Scales, J. T.: J. Bone 





BODY FLUIDS AND METAL — Asshown by Gross and Gold,” Vital- 
lium implants — either cast or wrought — “were compatible with the soft 
tissues and bone and did not cause any observable clinical or histologic 
injury.” Similar observations were made by Secord and Breck,'' Smyth,” 
Venable and Stuck,’ Wright and Axon‘ and others.** It was demon- 
strated* that plasma and normal saline not only affect stainless steel 
per se, but also accelerate electrolytic processes and corrosion. This 
“electrolytic inflammation” interferes with healing, and the tissue reac- 
tion or “chemical abscess,” “may point through the skin and become 
secondarily infected.” When using stainless steel, they frequently ob- 
tained “primary skin healing of the plated fracture without any evidence 
of sepsis, but with localized wound breakdown six or eight weeks later.’’* 


MECHANICAL STRENGTH — Day and Hinchey” report “no in- 
stances of fracture of the [Moore] prosthesis” and Scales and Zarek* 
“have never seen a cobalt-chrome implant which has failed either me- 
chanically or biologically because of corrosion phenomena.” They “be- 


lieve that the cobalt-chrome alloys have in clinical experience proved to 
be so superior in all respects to the existing stainless steels that they 
should now be very seriously considered for all surgical implants.”* 


in 1957 it was reported: 


“There is general agreement that Vitallium is the least physiologically disturb- 
ing [metal] to tissues... [Its] unique suitability for surgical appliances derives 
from its inherent corrosive resistance, its compatibility with human tissues, its 
inertness and lack of electrolytic activity, together with its toughness and 
strength.”® 


& Joint Surg. 38B:754, Aug. 1956. 9. enable, L. W.: J. Bone & Joint Surg. 22A:749, July 1940. 
C. S. and Stuck, W. G.: Internal Fixation of Frac- 12. Smyth, E. H. J.: J. Bone & Joint Surg. 
tures, Charles C. Thomas, Springfield, 1947, pp 40B:778, Nov. 1958. 13. Day, P. L. and Hinchey, 
42-52, 63. 10. Gross, P. P. and Gold, L.: Oral Surg. J. J.: Clin. Orthop. No. 6, p. 27, 1955. 

10:769, July 1957. 11. Secord, E. W. and Breck, 








acceptance by surgeons is attested to by 
the fact that over 7,500,000 Vitallium appliances 
were used in the last 23 years... 


.. that is over 900 daily! 
the Alloy of Surgical Excellence 
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224 EAST 39TH STREET - NEW YORK 16, N. Y. 
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The NEW 
DUAL 
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+-+* VASELINE =>: 
PETROLATUM GAUZE U.S. P. 
STERILE 


3x3 PAD, opens to 3x 9 INCHES $ 3x Q” 


Shorter length ends waste 
on small area wounds. New Z-fold 
insures perfect graft takes. 


Guaranteed sterile at time cf use. 


Gth SIZE of 
VASELINE® 


13" PETROLATUM GAUZE 


Three-ply, fine-mesh Now supplied in.  1/2°x 72" 3’x 18” 
gauze, lightly impregnated — 1’x 36” 3" 36" 


for use in physician's 3’ 3'/ 3° 9” 6" 36” 


office, industrial medical 


Sole Maker: 
CHESEBROUGH-POND’S INC. 


Professional Products Division 


New York 17, N. Y. 


department, first aid. 


VASELINE is a registered trademark of Chesebrough-Pond's Inc. 





Lock the Gone with Dynamics 


Summary of Basic TECHNICS * 


MEDULLARY PIN 


PAT. NO. 2.579.968 


COMPLEX ANKLE FRACTURE 


The pins here were straight when driven. Curves were produced by intraosseous pressures to give 
stable fixation without need for external splinting. 


7, 4 


| SINGLE PIN 


Indicated when both fragments have substantial length. 


SO. STRAIGHT PIN: Areas indicated in black. 


av, | 
1 CURVED PIN: Shafts of humerus, femur and tibia. Resists muscle 
angulating force by three point pressure. 


sy 3) 
LH ~ wy 
Humerus Shaft Femur Shaft Tibia Shaft 
Leslie V.: Fracture Problems, Mississippi Doctor, Vol. 36, No. 5:115-118, Oct., 1958. 
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DOUBLE PINS 


SIMILAR ANATOMIC AREAS 


COMMINUTED FRACTURES 


Similar Problems: Closed pinning best. Rela- 
tively good bone length can be maintained. 


STRESS RELIEF OF HEADS 


MODERATE 
STRONG DYNAMIC 
DYNAMIC FORCES 
FORCES 


; STRESS RELIEVE HEADS 
OF PINS BEFORE DRIVING 
HOME 








Pin inserted through end of bone exerts no dynamic force. Stress relief not necessary. 


Pin inserted thrcugh side of bone is forced into curve. Result: Strong dynamic force with three 
point pressure. Head of pin can sink into bone unless stress relieved. 


oe oye INFORMATION 
ve Manufacturers of 
RUSH MEDUL LARY SINS AND INSTRUMENTS . 
Publishers of ©- vr f an y 
“ATLAS OF RUSH PIN — 
by LESLIE V. RUSH, M. MERIDIAN, MISs. 
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THIS MATTRESS, developed in consultation 
with orthopedic surgeons, can be an impor- 
tant adjunct to the management of chronic 
backache and other disorders requiring a firm, 
comfortable sleeping surface. 
Many physicians use Back Care” in their 
homes for corrective action and sleeping com- 
fort. Many more recommend it for patients. 
For information on Back Care research, 
construction, testing, write to Simmons Co., 
Dept. BB, Merchandise 
Mart, Chicago, Ill. for . 


the booklet called ‘‘The BACK pe CARE 
Prescription Mattress.” wi? 


by SIMMONS 
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DOCTOR... 


to help your 

backache patients 

resume some of their 
normal, happy activities, 
Simmons has invented 
an entirely new 

kind of orthopedic- 

type mattress ... 

BACK CARE 

with Built-in Bedboard. 








Why Back Care’s unique construction 


benefits many orthopedic patients 


1. Upper layer of 312 
coils adjusts to body 
contours for comfort. 
2. This built-in ply- 
wood bedboard keeps 
the spine properly 
aligned ... and exerts 
corrective action close 
up to the back where 
support is needed 

3. This lower layer of 
springs acts as ‘‘float 
ing’? mechanism for 
bedboard, equalizes 
weight over coils and 
prevents “‘sag.”” 








Journal 





Nothing captures an audience 
like a motion icture Whenever a procedure or technic needs to be pre- 
| | 


sented, the motion picture can assist the explanation. What’s more, it can be viewed again 


and again—tomorrow, next week . . . months from now. The only problem is to get it on film. 


‘al 


Surgery —removal of an hemangioma with phleboliths. 


Nothing captures a picture like a Cine-Kodak Special Il Camera 


Because of its ability to ‘‘get in there and get the 


picture”’ the “Special II” is on the job every day in 
the hands of skilled medical photographers. The 
“Special II” is well known for its dependability and 
convenience. Its variable-speed shutter, dual finder 
system, two-lens turret that accepts any two of the 
wide choice of great Kodak Cine Ektar Lenses, its 
interchangeable film chambers and many other 
features mean unsurpassed results. List, from $1,365. 
For further information see your Kodak 
photographic dealer or write 


EASTMAN KODAK COMPANY 
Medical Division 
Rochester 4, N. Y. 
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MARIO M. STONE 
TABLE STAPLE 


(SMO) 


PATENT PENDING 


INDICATIONS 
ORTHOPEDIC SURGERY 


Arthrodesis of the wrist, 

knee, ankle 

Triple Arthrodesis 

Epihyseal Arrest 

Advancement of Patella Supracondylar 
Osteotomy 

Pronated Pes Planus (talo-navicular) 
Equinovarus (calcaneo-cuboid) 


TRAUMATIC SURGERY 


© Fracture of Ankle 

@ Fracture Dislocation of Ankle 

© Avulsion of Achillis Tendon 

© Parrot-beak Fracture of Calcaneus 

© Fracture of Greater Tuberosity of Humerus 

@ Abduction Fracture of Upper End of Humerus 








—_—_—_— 
— - 


The Mario M. Stone Table Staple offers multiple 
strength over ordinary staples, and prevents 
pivoting or shifting of the bone fragments. A 
center threaded hole engages driver and fa- 


cilitates extraction. 


RICHARDS MANUFACTURING COMPANY 
756 MADISON AVE.—MEMPHIS, TENNESSEE 
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\g— 


BOYES-PARKER 
HAND OPERATING TABLE 


RICHARDS ADJUSTABLE 
SURGERY STOOL 


The Richards adjustable stool is designed pri- 
marily to be used with the Boyes-Parker Hand 
Operating Table. Constructed of durable steel 
tubing, chromium plated. Three legs give stabil- 
ity. The stool embodies the features of an ideal 
seat for the hand surgeon. The saddle shaped 
hardwood seat is firm and comfortable. with 
rounded edges. 

The rigid stool does not swivel; there are no 
casters to slide. Simple and positive up and 
down adjustment. By sitting on a stool that does 
not pivot or wobble, the surgeon can maintain 
an efficient, tireless posture, resting the elbows 
on the projecting curves of the hand table. 


No. 455 SURGERY STOOL 


(U. &. PATENT NO. 2.608.261) 


<P 
eK 








The surgeon and his assistant will find a scientifically 


designed workbench, efficient and steady, in the Boyes- 
Parker Hand Operating Table. It eliminates tension and 
strain during operations, Relieves cramped positions of 
the hands, arms and shoulders. Space for forearms and 
elbows improve operative steadiness without tiring. and 
can thus cut down operating time by 20%. 

Removeable stainless steel pan facilitates washing. 

Light in weight, easy for nurse to quickly place in 
position. Adjustable legs allow fitting to any operating 
table level. Collapsible; requires minimum of storage 
space. 

Pull-out instrument board places instruments in 
ready position for use. 

Formica top; all stainless steel parts; conductive rub- 
ber ends on feet. 


No. 454 BOYES-PARKER HAND OPERATING 
TABLE (Complete with 
No. 454A Pan) 

No. 454A STAINLESS PAN ONLY 

No. 454B STAINLESS STEEL PAN WITH 
1/4” DRAIN PLUG 


4 
— (>— MANUFACTURING CO., MEMPHIS, TENN.—— 
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You 
can 
elp 
laubea 


ick 


up 
jatls 
latexeyts 


= 


ati” Babies are bundles of activity. As they grow, they channel their 
energy into pulling, pushing, crawling, and finally, one trium- 
phant day, they’re walking. If it’s one of ‘your’ babies, you’re just 
as proud as parents when you see a child running on strong legs 
and sturdy feet. 
€dwerds is proud as parents, too, because so many children learn 
to run and romp in Edwards shoes. €éwerds dealers carry the three 
types of shoes shown below for all kinds of growing feet. 


Recommend and prescribe Edwards shoes for 

‘id your’ babies. For more information, send for 

ia r S Edwards brochure and prescription blanks 
The Shoe for Children, Philadelphia 7, Penna. 


‘ 


a 


Edwards Todlins—for beginners, the Edwards Pedics—for children with Edwards Regulars — for normal healthy 
tiny tots just learning to navigate foot disorders that you prescribe for children's feet—with emphasis on proper fit. 
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Louis C. Weld, President, G. W. 
Chesbrough Co. ... “My own 
personal experience led to the 
development of Chesbrough 
Orthopedic Pre-Walkers, club- 
foot, open toe and closed 
toe Surgicals.” 





“Orthopedic shoes parents can afford... 


CHESBROUGH 


Corrective Pre-Walkers”’ 


“When a child in my own family needed a 
corrective shoe, I discovered what a strain it 
can mean to a family budget, because 1) cor- 
No. 1400 OPEN TOE. Straight-line sym- rective footwear is expensive and 2) frequent 
metrical last, firm heel, no back seam. 7. rchas f . ni rage" a Sadd 
Adaptable to Denis Browne Splints. 5 pure tase of new correctv e shoes Is required. 
= Then and there I decided there was a real 
No. 1700 CLUBFOOT, OPEN TOE. Spe- Sasi need for a moderately priced corrective shoe 
cial outflare last, sturdy instep strap to a shoe parents could afford. That’s why 
stabilize heel. . . Tih 
and when Chesbrough Orthopedic Pre- 
No. 1300 CLOSED TOE. Lace-to-toe Walkers were born. ; 
design permits snug, gentle fit. Per- ‘ Our 60 years of shoe-making experience 
fectly smooth inside. resulted in corrective Pre- Walkers of scientific 
design, expert workmanship, fine leathers 
combined with orthopedically correct lasts to 
provide necessary correction at an economi- 
cal price.” 
Today—just three years later—orthopedic 
specialists in 45 states and several foreign 
countries are prescribing these shoes. 


MAIL COUPON FOR FREE DESK SAMPLES 


G. W. CHESBROUGH CO. 
807 Smith Street, Rochester 6, N. Y. 

NAME 

ADDRESS 

CITY 

YOUR ORTHOPEDIC SHOE DEALER All shoes in unlined white elk, sizes 000 to 4, narrow and wide. 


Available in full pairs, split pairs or single shoes (no extra 
charge for half pairs). 
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At 

micro-structure analysis 
of materials 

adds ‘‘extra’’ safeguard 
to your surgery 


The chemical and physical proper- 
ties of stainless steel delivered to 
Zimmer are certified by the manu- 
facturer. Still, Zimmer subjects each 
shipment to its own rigorous micro- 
structure analysis. Result: An extra 
assurance that your implants and fix- 
ations will resist the destructive ac- 
tions of body fluids. 


Here’s what happens to a typical 
shipment of certified stainless steel 
after it is delivered to the Zimmer 
laboratory : 


@ Chemical and physical properties 
as stated in Vendor's Certificates 
are checked against material 
specifications. 





Samples are tested for hardness 
on a Rockwell scale. 


Samples are polished, etched... 
then checked for grain size and 
structural defects. 


If a discrepancy is found in a sample, 
the entire shipment is rejected. 
Micro-structure analysis of materials 
is one more “extra” you get from 
Zimmer’s insistence on precise quality 
control ... and one more reason why 
the Zimmer name has become a 
warranty of excellence. 






* O) 
LMMer ZIMMER MANUFACTURING COMPANY 


Warsaw, Indiana, U.S. A. 








appliances for orthopedic surgery MM@ATITIGH) 
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NO. 472 
LORENZO SCREW NO. 970 
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ZIMMER TIBIA BOLT NO. 463 
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ZIMMER MANUFACTURING CO. - WARSAW, INDIANA, U.S.A. LMMeY 
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LOTTES FEMORAL NAILS are manufactured with diameters of ¥%, 7%, and 2 inches 
—with lengths in Y2 inch variations from 14 to 20 inches. 
oe 


LOTTES TIBIAL err: —_ 
NAILS are made in 


inctnten cemenenntetinitnndl 


He and ¥% inch diam- ————> 
eters—in lengths — 

from 9 to 15% 

inches, in variation of 


Ya inch. | oh ——> 
| 



































LOTTES NAILS AND INSTRUMENTS ARE MADE OF 18-8 SMo STAINLESS STEEL 











LOTTES DRIVER-EXTRACTOR COMBINATION and 
LOTTES MALLET 


LOTTES GUIDE WIRE AND LOTTES REAMER 


The reamer comes in 3 diameters: %, 
%, and Y2 inch—all are 23 inches in 
length. 























| 
| 
| 
| 
| 








CHAS. A. SCHMIDT SURGICAL INSTRUMENT COMPANY 
3689 Olive Street, Saint Louis 8, Missouri 
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DETACHABLE 


DENIS BROWNE 


ORTHOPEDIC SURGEONS recognize the de- 
cided advancements this versatile splint affords 
in treating club feet, positional deformities, 
tibial torsions, flat feet and congenital hip dis- 
locations. Also applicable for any other de- 
formities that are actively corrected by inces- 
sant kicking. 


Very little adjustment by surgeon or orthotist 
is required to fit and position this new Fillauer 
Detachable Splint. 


Pre-walker or larger surgical and club foot shoes 
work extremely well with the Fillauer Splint. Out- 
grown shoes may be used by cutting out toes. 


NIGHT SPLINT 


STREAMLINED and IMPROVED 


. Precision die cast Serrated Discs permit 50 


positions. 


. New Knurled Screw locks discs in position. 


. New Triple Flange fits club foot shoes or 


any sole thickness. 


. Streamlined Wing Screw secures flange to 


shoe sole. 


. Durable, attractive red alumilite color on 


bars. 


. Lengths 6, 7, 8, 9, 10, 12, 14, 16 and 18 


inches. Special lengths to 30 inches at no 
extra cost. 


* 
BS PULTTY: SURGICAL SUPPLIES, INC. 


BOX 1678 


ESTABLISHED 1914 Manufacturer 


CHATTANOOGA, TENN. 


f Orthopedi 





CAMP HIP ABDUCTION PILLOW 


effective therapy at home 


An abduction pillow splint is a practical, 
atraumatic method for gradually obtaining 
hip abduction in infants with abduction 
contractors, unilateral or bilateral hip 
dysplasia and many cases of congenital dis- 
location. It is also an effective means of 
maintaining abduction following more 
severe dislocations requiring rigid immo- 
bilization or surgery. This type of pillow 
splint is well tolerated, permits the child 
to sit or stand while maintaining the ab- 


duction position 


In addition to the Camp regular Frejka 





S.H. CAMP and COMPANY 


<_/ 


type pillow this new, improved Camp pil- 
low splint fits the contour of the legs to 
bring the child to frog-like position. Ad- 
justable for leg size; a plastic water resis- 
tant pillow held in a pocket of the bib; 
crossed adjustable shoulder straps, all wit", 
gripper snap fasteners for easy application 
Bib is made of a soft attractive cotton fab- 
ric, with an extra bib to use while one is 
being laundered, without interruption of 
treatment. 

Three sizes (pillow width between legs) 
Small 6”, Medium 9”, Large 12”. 





Jackson, Michigan 
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even if your patient 1s a boom rat 





» 


—_ 


*logger who rafts logs in a “boom” 


he'll be pulling down his pay again soon thanks to _ prescribe Pararon in low back pain 
' AA, sprains —strains—rheumatic pains 


Each PARAFON tablet contains 


PARAFLEX Chlorzoxazonet 125 mg 
\ most effective oral muscle relaxant 
PyLeNok Acetaminophen } 300 mg 
The preferred analgesic for painful 
4 EX® + TyLeENou® ‘le 
(PARAFLEX YLE ) musculoskeletal disorders 


. ‘ : Dosage: lwo tablets t.i.d.o i.d 
for muscle relaxation p/us analgesia Ooo 
: Supplied: Tablets,scored, pink, bottles of 50 


P ac 4 Hach PARAPON WITH PREDNISOLONE tablet 
and Ih) arthritis contains: PARAFLEX® Chlorzoxazonet 125 
me., TYLENOL Acetaminophen 300 mg., 

and prednisolone: 1.0. mg 


Supplied lablets, scored, buff colored 
bottles of 36 


Precautions: The precautions and contra 
indications that apply to all steroids should 
be kept in mind when prescribing PARAFON 
WIEH PREDNISOLONI 


(ic NEL) 


McNeil Laboratories, Inc « Philadelphia 32, Pa. + Trademark tU'.S. Patent Pending 


FOR GREATER STRENGTH AND SAFETY — 


pemano Genuine NEUFELD NAILS ong SCREWS 
-iN NEUTRILIUM* 


NEUTRILIUM® is the most non-corrosive metal known to science. Its proven super- 
strength lends an assurance of permanence co internal fixation of the trochanteric 
area. This neutral, non-magnetic, homogenetic alloy is entirely inert and therefore 
compatible with human bone or tissue, remaining unaffected by body chemistry. 





NEUFELD BONE SCREWS — of NEUTRILIUM® — are cold forged and, 
unlike other metals, appear to be unbreakable under maximum human pressures. 
Heads will not twist off during application or in actual use. 


GENUINE NEUFELD NAILS and SCREWS — of NEUTRILIUM® — made only 
by MEDICAL RESEARCH SPECIALTIES, Loma Linda, California, are sold 


nationally by leading surgical and orthopaedic supply dealers. 


NEUTRILIUM® is a registered Trade Name of Medical Research Spectaltses. 


NEUFELD FEMORAL NAIL PLATE 


Used for internal fixation of intertrochanteric 


and subtrochanteric tractures 


MEDICAL RESEARCH SPECIALTIES 


Loma Linda, California 
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rancopal 
the first true tranquilaxant* 


Potent MUSCLE RELAXANT... Equally effective as a TRANQUILIZER 


in musculoskeletal conditions’ in anxiety and tension states’ 


91; Gx 


Low back pain Postoperative myalgias Anxiety and tension states 
(lumbago ) Neck pain (torticollis) Premenstrual tension 
? sti ¥ ems 
Bursitis Rheumatoid arthritis Emphysema 
Osteoarthritis ve ane See Dysmenorrhea 
Fibrositis Joint disorders (ankle sprain, Asthma 


Myositis tennis elbow, etc.) Angina pectoris 








Better tolerated and safer than older drugs? 


With Trancopal there is no clouding of consciousness, no euphoria or depression. Even in high dosage, 

there is no perceptible soporific effect. Because it does not irritate gastric mucosa, it can be taken without 

regard to mealtimes. Administration does not hamper work — or play. There are no known contraindications. 
Blood pressure, pulse rate, respiration and digestive processes are unaffected by therapeutic dosage. 
Toxicity is extremely low. And Trancopal has a lower incidence of side effects than has zoxazolamine, 


methocarbamol or meprobamate. 

Dosage: One Caplet (100 mg.) orally three or four times daily. Relief of symptoms occurs in fifteen 
to thirty minutes and lasts from four to six hours. 

Supplied: Trancopal Caplets® (scored) 100 mg., bottles of 100 


References: 1, Cooperative Study of 4092 patients by 105 physicians, Department of Medical Research, 
Winthrop Laboratories 2. Lichtman, A.L.: Kentucky Acad. Gen. Pract. J. 4:28, Oct., 1958 


J LABORATORIES 


quiet; L. /axare, to loosen, as the muscles) 


*tran’kwi-lak’sant [<L. tranquillus, a 


pal (brand of eza and ts, trademarks reg t., New York 18, New York 
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0-250 SMITH- PETERSEN OSTEOTOME straight, 


SMITH-PETERSEN OSTEOTOMES and GOUGES 
8”, sizes %", 36", 4", 56", %", 1" and 1%”. 


ind 
Stainless Steel. 


0-255 SMITH-PETERSEN OSTEOTOME — curved, 
\ \ 8", sizes 4", 36", 12", 56%", 1 and 14". 


nee 


0-260 SMITH-PETERSEN GOUGE —straight, 8”, 
0-250 0-255 0-260 0-265 0-270 


vy, .44 2 


sizes 34", “ie, 34" and 1”. Stainless Steel. 
0-265 SMITH-PETERSEN GOUGE—curved, 8”, 


° . ‘ ‘ ‘ ‘ a“ . 
sizes %", Yin", “4” and 1”. Stainless Steel. 


0-270 SMITH-PETERSEN GOUGE — reverse 
0 yy, 8 3 


curved, 8”, sizes 6", "ie", 34 and 1. Stain- 
less Steel. 











A NEW STAINLESS STEEL CASE TO HOLD 
SMITH-PETERSEN 
OSTEOTOMES and GOUGES 


CASE 0-295-—holds seven Smith-Petersen 
Osteotomes. 


CASE 0-296—holds seven Smith-Petersen 
Gouges. 

CASE 0-297 —holds a combination of seven 
Osteotomes and Gouges. 


Cutting edges are protected at all times. i 
Complete unit may be autoclaved. 0-295 Closed 


le ” Specify Width of Gouges and Osteotomes When Ordering 


Codman € Hutt yp. Sac 


MAKERS OF SURGEONS’ INSTRUMENTS 


> 


ae 


104 BROOKLINE AVENUE BOSTON 15, MASSACHUSETTS 
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Before and after surgery 


Miltown: 








[ 


THE ORIGINAL MEPROBAMATE 





DISCOVERED & INTRODUCED BY 





GY WALLACE LABORATORIES 








NEW BRUNSWICK, NEW JERSEY 








effective 
for 
anxvety, 
tension 
and 
msomnia 


= reduces preoperative fear 
s helps ensure natural sleep 
without morning hang-over 
# no significant lowering 

of blood pressure 

= no respiratory depression 


= well tolerated, 
relatively nontoxic 


REFERENCES: 

1. Rushia, E. L.: Preliminary 
report on the use of meprobamate 
for pre-anesthetic sedation. 
J.M.A. Georgia 46:93, 

March 1957. 

2. Lamphier, T. A.: The role of 
meprobamate in postoperative 
surgical care. Ann. New York 
Acad. Sc. 67 :810, May 9, 1957. 
3. Kern, E. C.: Preoperative 
sedation with meprobamate 
(Miltown) in surgery of eye, ear, 
nose and throat. Eye, Ear, 

Nose & Throat Month. 36: 408, 
July 1957. 
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SUSAN’S IDEA TOOK THE WAIT 
OUT OF THE WAITING ROOM 


She kept complaining about 
my old x-ray machine — said 
she could accomplish more if 
only she had that new G-E unit 
I'd talked about. She’d have 
fewer retakes too—most of 
them were caused by the long 
exposures necessary with low 
power. 


From the day my new Patri- 





cian combination arrived I’m 





sure Susan felt her persistence 
had turned the trick. (And you 
know —she is working faster 
today!) 








Patrician speeds X-ray examinations 


...and for such modest cost 


You'll find your work load lighter with Patri- 
cian’s big-table convenience. Best news is 200- 
ma, 100-kvp power, electronically timed. Self- 
tending recipromatic Bucky. Finger-tip control 
of fluoroscopic screen or optional spot-film de- 
vice. Angulation to 15° Trendelenburg. Auto- 
matic Bucky-slot closures for x-ray safety. Ask 
your G-E x-ray representative for full details. 
Or clip coupon for a copy of 

our fully illustrated catalog. 


X-RAY DEPARTMENT 


GENERAL ELECTRIC CO. 
Milwaukee 1, Wisconsin, Rm. CF41 


Please send me your 16-page PATRICIAN bulletin 
Facts about deferred payment 


Progress 4s Our Most /mportant Product ] MAXISERVICE ® rental 


GENERAL @@ ELECTRIC 


1 
! 
! 
1 
| 
! 
! 
! 
! 
| 
1 
! 
J 
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to control nausea, 


vomiting, or retching— 


before, during, or 


after surgery 


Compazine” 





* hypotensive effects are minimal and infrequent—even during spinal anesthesia 
¢ may be administered I.V., as well as I.M., orally, or rectally 

* minimal potentiation of C.N.S. depressants 

* pain at the site of injection has not been a problem 


For immediate effect: 2 cc. Ampuls (5 mg./cc.) and 10 cc. Multiple dose vials (5 mg./cc.). 


Also available: Tablets, Spansulet sustained release capsules, Suppositories and Syrup. 


WG Smith Kline & French Laboratories 


*T.M. Reg. U.S. Pat. Off. for prochlorperazine, S.K.I +t T.M. Reg. U.S. Pat. Off. 





When mismated shoes are needed, they are needed NOW 
“— not two or three weeks hence. The sooner the shoes 
arrive, the better for your patient. Because this is so true — 
and human comfort is important — CHILD LIFE gives spe- 


cial priority to Mismate Service. In nine cases out of ten, 


shoes are shipped the same day the order is received .. . and 
they are sent special delivery parcel post. 

As a physician, it’s good to know that this brand of 
service backs up your recommendations to mothers. And 
it’s good to know, too, that CHILD LIFE Mismate Service 
carries only a very nominal premium in price. The CHILD 
LIFE dealer in your community — selected for his special 
knowledge of children’s shoes — will be glad to fill you in 
on all details. Please write for his name. 

Or if you prefer to write direct for information, your 
inquiry will be welcome and promptly acknowledged. 


"HERBST SHOE MANUFACTURING COMPANY 
MILWAUKEE 45, WISCONSIN eal 
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PROSTHESIS 


Famous Moore Self-Locking Stem 
with Scuderi Detachable Head 


The new DePuy Hip Prosthesis gives Dr. Austin 
Moore’s self-locking type stem increased versatility by 
adding the detachable type head developed by Dr. 
Carlo Scuderi. Design of the stem is such that bony 
growth will occur in the openings, locking it firmly in 
place. Stem is available in large and medium sizes. 
Washers can be used to build up neck length, and four 
sizes of balls (femoral head) can be used inter- 
changeably on any one stem. Fewer units must be kept 
on hand. Made of cobalt, chromium, molybdenum 
alloy. Stems, No. 775-S; washers, No. 775-W; Balls 
(154”, 134”, 1%”, 2”) No. 775-B. 


DEPUY MANUFACTURING CO., INC. 
WARSAW, INDIANA 
SINCE 1895—STANDARD OF QUALITY 
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NOW—YOU CAN GET THE 
UNSURPASSED ADVANTAGES 
OF ARISTOCORT 


IN SALICYLATE 0 
COMBINATION ¥ | S11 





Aristogesic combines the anti-inflammatory effects of Aristocort® Triamcinolone 


with the analgesic action of a most potent salicylate. This means that the dosage 
of each is substantially lower than that ordinarily required for each agent alone. 
With Aristogesic the physician has exceptionally wide latitude in adjusting the 


dosage to the lowest effective level. 


‘Lhe possibility of gastric distress from either salicylamide or corticosteroid ts 
minimized because of lower dosage required. This is further reduced by the 
buffer action of alummum hydroxide. And the ascorbic acid helps meet the 
increased need for this vitamin in stress conditions. Because of the low dosage, 
side effects with Aristogesic have been relatively infrequent and minor in nature. 
Ilowever, more serious side effects have traditionally been observed on all 
corticosteroid therapy. Patients on long-term Aristogesic therapy should, 


therefore, be observed carefully. 
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Stcroid—Analvesic ( ompound IE DERLE 


OFESIC 


for relief of chronic—but less severe pain of rheumatic origin 


T\ LW 2 
e »~ \ Pe ¥ 3 WA 4 il 7 Indications: Mild cases of 


rheumatoid arthritis, tenosynovitis, 





la 
i 5 synovitis, bursitis, mild spondylitis, 


myositis, fibrositis, neuritis and 


certain muscular strains 


Dosage: Average initial dosage 
2 capsules 3 or 4 times daily 
Maintenance dosage to be 


adjusted according to response 


Each Aristogesece Capsule contains 
ARISTOCORT Priamecinolone 

0.5 me 
Salicy lamice 325 mg 
Alumimum Hydroxice 75 mg 


Ascorbic Acid 20 mg 


Supply: Bottles of 100 





LEDERLE LABORATORIES, A Division of AMERICAN CYANAMID COMPANY, Pear! River, New York 
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Sage Triangular Forearm Pins have 
precision formed contours to allow 
easier insertion and aid in anatom- 
ical alignment. 


MADE OF NON-MAGNETIC, INERT. SMO 
|| STAINLESS STEEL... SPRING TEMPERED 
TO A SPECIAL ROCKWELL-HARDNESS. 


Pre-formed [one end threaded) Radius Pins 
available in seven lengths, graduated in '/2- 
inch increments from 6 to |! inches. Straight 
(both ends threaded) Ulna Pins available in 
three lengths, graduated in |-inch increments 
from 9 to II inches. Radius and Ulna Pin 
diameters are either 4.4 mm or 5 mm. 


COMPLETE SET CONSISTS OF SEVEN 


RADIUS PINS, THREE ULNA PINS 
AND PIN HOLDING RACK. 

















THE REAMER DRILL AND DRIVER EXTRACTOR ARE 
ESPECIALLY DESIGNED FOR USE WITH THESE PINS 
THE DRILLS ARE CORRECTLY SIZED TO ASSURE EASY 
INSTALLATION AND MAXIMUM HOLDING POWER 






































T FOR FURTHER INFORMATION WRITE TO DEPT. W-7 


880-882 ADAMS, MEMPHIS, TENNESSEE 





Zactirin 


for everyday pain control... 


for your many patients requiring 


potent analgesia but not an injected narcotic 


Proved by extensive evaluation'?’ in 1998 patients 
in diverse areas of medicine and surgery, including: 
arthritis, bursitis, early metastatic carci- 
noma, fibrositis, grippe, herpes zoster, liga- 
mental strain, low back pain, menstrual pain, 
myalgia, myositis, neuritis, pleurisy, post- 
operative pain, postpartum pain, sciatica, 
trauma, dental pain 
» exclusive Wyeth non-narcotic analgesic plus 
anti-inflammatory action 


» prompt, potent action—as potent as codeine 


~ documented effectiveness and safety!.2.3 


: ; sa ; ‘ = 
Supplied: Tablets, bottles of 48. Each tablet Myeth 
contains 75 mg. of ethoheptazine citrate - 

and 325 mg. (5 grains) of acetylsalicylic acid. Philadelphia 1, Pa. 





HENAGORT 


SQUIBB TRIAMCINOLONE 


for all your <¥} 
patients 
starting 
on corticoids 


? ~ 
£ 0 
‘ “for all your 
( y, 


ib yo arthritic 

patients 
requiring 
corticoids 





Kenacort safely starts your patients 

off right — with all the benefits of 
systemic corticosteroid therapy and 
few side effects to worry about 
Increased corticoid activity is provided 
on a low dosage schedule! without 
edema,! psychic stimulation,!-* 

or adverse effect on blood pressure.!-3.5 
A low sodium diet is not necessary.*.° 
Gastrointestinal disturbances are 
negligible2.+.5 with less chance of peptic 
ulcer.* This makes Kenacort particularly 
valuable in treating your “problem 
patients” — such as the obese or 
hypertensive and the emotionally disturbed 


Kenacort, particularly in the treatment 
of your arthritic patients, has proved 
effective where other steroids have failed 
It provides prompt, safe relief of pain, 
stiffness and swelling by suppressing the 
rheumatic process!.> — and may even 
forestall crippling deformities if 
started soon enough. Because of its 
low dosage! 3 and relative freedom 
from untoward reactions, '5 Kenacort 
provides corticosteroid benefits to many 
patients who until now have been 
difficult to control. It is particularly 
valuable for arthritic patients with 
ae hypertension, cardiac disease, obesity 
C. A., J., and Heliman, L: Arth. & Rheum and those prone to psychic disturbances 
1:215 (une) 1958. + 2. Sherwood, H., and 
ke, R.A. J. Allergy 28:97 (March) 1957 
* 3. Shelley, W.B.; Harun, J.S., and Pilisbury, 
D. M.; .A.M.A, 167:959 (June 21) 1958 SUPPLIED: 
4. Dubois, E...: California Med. 89:195 Scored tablets of 1 mg. — Bottles of 50 


Scored tablets of 2 mg. — Bottles of 50 


ept.) 1958. + 5. Hartung, E.F.: JAMA 
Scored tablets of 4 mg Bottles of 30 and 100 


167-973 (June 21) 1958 
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Only Medic 
makes a shoe like this 


A DOCTOR recently exclaimed enthusi- 
astically to one of our representatives, 
“Only Medic makes a shoe like this.”” He 
happened to be holding in his 

hand a pair of Junior Arch Pre- 
servers with wedge construction. 


The fact is every pair of shoes 
bearing the Junior Arch Preserver name 
is made with equal excellence in design, 
the very finest quality leathers obtainable, 
and the greatest possible care in construc- 
tion. That’s why more and more doctors 
prescribe and recommend Junior Arch 
Preserver Shoes — recognized everywhere 
as the finest shoes made for children in 
America today. 


Also recognized is the fact that 
Medic makes a shoe to fill every doc- 
tor’s shoe prescription needs. 


For the name and address of the store 
nearest you carrying Junior Arch 


Preservers, write directly to ARCH PR ESERVER 


Medic Shoe 
Manufacturers, 
Inc. 





1212 WOOD STREET, 
PHILADELPHIA 7, PA. 











) fA 
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For Extreme 
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LaBerne Shoulder Rotator 


The LaBerne Shoulder Rotator offers Progressive and Resistive Exer- 
cises in a complete range, for Internal and External Rotation, Unilateral 
and Bilateral Extensor, Scapula Rotation, and Elbow Flexor Exercise. 
Built with Sensitive Resistance-Pressure Plate adjustable in height. 
Calibrated for 0 to 80 Ibs. 


Price including table 28 x 30 x 32 
Model # 9952 $159.50 


Price without table with bracket 
for attaching to plinth, 


Model # 9952-A $ 89.50 


Showing Resistance Control 


Calibration in pounds. ———j~- 


LaBerne Extension-Flexion Exercise Unit 


Designed for a complete range of Progressive Resistive Exercise to the 
Knee Joint Muscle Group “WITHOUT THE USE OF WEIGHTS. 
Exercise arm built with Reversible Ratchet on Sensitive Pressure 
Plate offering any desired resistance calibrated in Ibs. from 0 to 80. 
Range of motion indicator in full view of patient and therapist for 
accurately following Range Progress. 
Ideal for use with BK Amputees and 
BK Fractures, may also be used for 
Hamstring Exercise, Hip Abduction 
and Extension. Complete unit in- 
cluding table 28 x 30 x 32 with 
Quadriceps Rest, Model # 9950 


$159.50 


Above unit with Shoulder Rotator in- 
cluded, Model # 9951 $239.00 


Showing use for BK amputees and 
fractures. Range of motion dial cali- 


brated in pounds. ———— 
4 


LaBerne Hip Rotator 


Designed for complete rotation of Hip Joint. Rotation Plate 
built at 8° angle to eliminate bending of knee during rotation. 
Mounted on roller bearings with Adjustable Arc from 4” to 
12” circle. Model # 66 $49.50 


ALL PRICES FOB COLUMBIA 





.. LQ Berne MANUFACTURING COMPANY 


Al KOR Columbia, S.C. P.O. Box 5245 Phone SUnset 7-6162 
® : 


a ORIGINATORS OF THE “WALK-OFF” PHYSICAL THERAPY TABLE 
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HYDELTRA-TBa. 


(Prednisolone tertiory-butylacetate, Merck) 


for relief that lasts —longer 


in COLLATERAL 4 i =o eee 


Osteoarthriti 


LIGAMENT 7 earn 


Bursitis 


STRAINS — a} saul a 


allows early , | Le be snctael 
ambulation — | NT Seas 
relieves pain poses 


and swelling 





daynia 

Rheumatoid nc 
Drosius 

Tensor fascia lata 
syndrome 

ollateral ligament 
strains 
Radiculitis 

eochondritis 


Gangila 


saree the usual intra-articular 
r soft tissue dose 

) O mg. depen 
m and extent of 


Duration of relief 
exceeds that ; Supied Suspension bien ic 
provided by any { | lone ; “iar - ce of predeine 
other steroid % _ 

O29 


ester : a : 
(aaa a oe 2a ae a a a MERCK SHARP & DOHME 
Divis N OF MERCK &CO.. INC 

PHILADELPHIA 1, PA 
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You'LL BE GLAD TO PRESCRIBE [PNAC RWCEANTS 


SCIENTIFIC CONSTRUCTION 


Style No. 84 


Alden-Pedic lasts and shoes are scientifically de- 
signed to fit the individual foot shape and at the 
same time accommodate your prescribed correc- 
tions and insertions without sacrificing any fitting 
qualities. Alden-Pedic shoes are basic prescription 
shoes. We do not manufacture a pre-corrected 
or commercial health shoe. 


Orthopedic surgeons familiar with the Alden-Pedic 
program have achieved most satisfactory results 
in recommending our shoes. 

Write us today for our new illustrated brochure 
of Alden-Pedic styles for men and boys and our 
new “Progress Report on Shoe and Last Design”. 


SHOES 


Developed thzaugh 
our modern re- 
search program 


* Long inside counter 


* Right and left ortho 
heels, long inside 


* Heavy gauge right 
and left ribbed steel 
shank. 


* New Depth Design” 
accommodates pre- 
scribed corrections 


C.H. ALDEN SHOE COMPANY 


; . , AND NAME OF 
i~ 
Cust m Boolmakers Since 1884 NEAREST DEALER 


WRITE 


BROCKTON, MASSACHUSETTS 
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Precise Positioning and Positive Fixation — 


with AMERICAN -Albee 
ORTHOPAEDIC and FRACTURE TABLE 














@ Acknowledged as the most versatile in its field, the 
American-Albee Orthopaedic and Fracture Table 
enables the orthopaedic surgeon to achieve “perfect 
positioning” of short, tall, obese and even infant 
patients ... easily and rapidly. It is designed to 
accommodate closed fracture reductions as well as 
the increasing demands of complex orthopaedic 
surgery. Thus, to orthopaedists the world over, the 
name American-Albee identifies the table of choice 


Offices in 14 Principal Cities 





for this comprehensive branch of medicine. 


Ideal complement to this improved table is the 
American DV-22 Major Surgical Light... a new 
concept in easily maneuverable illumination... cool, 
shadowless, color-corrected .. . intensity to 10,000 
foot candles from a dual source. 


@ Write for Fracture Table Brochure TC-100R 
and Major Light Catalog LC-121R. 


AMERICAN 


STERILIZER 


ERIE*PENNSYLVANIA 
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Introducin g the 


EX irc lectric 


UNIVERSAL HOSPITAL BED 


Designed specifically for improved handling and care 


of the orthopedic patient. An ideal bed for management 
of every orthopedic problem. The bed may be electrically 
operated by the patient to save valuable nursing time 


for more demanding duties 


Have this practical bed demonstrated for you by Lee 
Stryker, Don Carson, Marshall Morrison, or Pete Hoff- 
man at booth 74, 75, or 76 during the American Academy 


of Orthopedic Surgeons Meeting, January 24th to 29th. 


| eNwher | Manufacturers of Quality Surgical and Hospital Equipment 
. 
r COL Jrame 


420 ALCOTT STREET . KALAMAZOO, MICHIGAN 


Pe et 








RUBBER ELASTIC BANDAGE 


ASSURES MORE UNIFORM SUPPORT 


Scientifically determined number of rubber 
and cotton threads provides a balanced weave 
that assures optimal therapeutic results. 


ACE guarantees even and controlled stretch 
ACE insures firmness under tension 
ACE prevents “bunching” 


ACE minimizes possibility of vein constriction 


BECTON, DICKINSON AND COMPANY: RUTHERFORD, NEW JERSEY 
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MAINTAINS ITS ELASTICITY LONGER 


Today, ACE provides your patient with ana- 
tomically correct support far longer. B-D’s 
newly developed type of heat-resistant rub- 
ber can withstand dry heat sterilization and 
has a greater tensile strength than rubber 
found in ordinary bandages. 


Now, more than ever, ACE is the name to 
remember. Only Becton, Dickinson and Com- 
pany makes ACE rubber elastic bandage. 


ger yj. 





1 with 
rigid stays in casing 
Sacro-Lumbar Support 
Mode! 1165-HS, com- 
parable model for 
men 447-HS 


THERAPEUTIC 
HOSE 
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CORRECTIVE BELTS 
AND SUPPORTS 
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| 


BACK SUPPORTS 


for your copy of 
“The Red Book 
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Anatomically correct . . . therapeutically 
sound . . . these principles are designed in, and 
built in, each Truform appliance. 


, 
Effective support or effective fixation .. . 
this you can depend on when you prescribe 
“Truform.” Your patient benefits from the most 
careful selection and skillful fitting because 


@ TRUFORM Anatomical 
Supports are available 
only from the Ethical 
Appliance Dealer 


SURGICAL AND 
POST-OPERATIVE SUPPORTS 


anatomical supports 
3960 ROSSLYN DRIVE, CINCINNATI 9, OHIO 
BRANCHES: New York and San Fra 
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HIS booklet, designed to serve as a concise reference 
regarding amputations, prostheses and the rehabilitation of 
the amputee, is now available. It has been written under 
the supervision of an eminent orthopedic surgeon and 
incorporates the experience gained by the Hanger 


New 


AMPUTATION 
BOOKLET 


Save as 
Much length 
As possible. 





Save as 
Much length 
As possible. 


organization from supplying prostheses for nearly 100 years. Syme 


Charts and drawings, showing the sites of election and 
various prostheses, and information about the care and fitting 


of the amputee, are presented. We believe 
you will find this booklet a valuable source of information. Stumps 


Write or phone the Hanger office nearest you 
for your Copy of the Amputations Booklet. 





Eastern Region: 
BALTIMORE 1, MD 
BOSTON 15, MASS 
CHARLESTON 2, W. VA 
NEW YORK 11,N. Y 
PHILADELPHIA 7, PA 
RALEIGH, N. C 
RICHMOND 19, VA 
ROANOKE 12, VA 
WASHINGTON 13, D. C 


Preferable 
Conditions. 
At these 


Levels are 
Undesirable. 


Under certain 
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AVAILABLE AT AUTHORIZED FACILITIES IN THE FOLLOWING CITIES 


COLUMBUS 8, OHIO 
JOHNSTOWN, PA 


ATLANTA 9, GA 
BIRMINGHAM 1, ALA 
COLUMBIA 5, S. C 
JACKSONVILLE, FLA 
MIAMI 37, FLA 
MOBILE, ALA 


Central Region 


PITTSBURGH |, PA 


Southeastern Region 


MONTGOMERY, ALA 
NASHVILLE 5, TENN 

NEW ORLEANS 19, LA 
ORLANDO, FLA 
SAVANNAH, GA 

TAMPA 2, FLA 

WEST PALM BEACH, FLA. 


‘Ideal 
Length for 
Ischial-bearing 
—— Stump. 


Level for 
/ ~~ End-bearing 
Stumps. 


Minimum tibia 
Length for use 
Of natural knee 


Joint is 1%2"". 


Ideal be!sw-knee 
Stump—at junction 
Of upper and middle 
Third of tibia. 





Midwestern Region: 


CHICAGO 5, ILL 
CINCINNAT! 29, OHIO 
DALLAS |, TEXAS 
EVANSVILLE, IND 

FORT WAYNE, IND 
INDIANAPOLIS 2, IND 
OKLAHOMA CITY 3, OKLA 
PEORIA 4, ILL 

ST. LOUIS 66, MO 
WICHITA, KANS 











BOWEN FRACTURE APPLIANCES — 
GREAT AIDS TO BETTER SURGERY 


| 


ORMANDY 


PENDULUM 
EXERCISER 


Te Prevent Frezen Shoulder 


An excellent means to RE- 
LIEVE MUSCLE SPASM and 
PAIN of the shoulder girdle 
by traction in order to 
increase the ARC OF 
MOTION of the scapulo- 
humeral joint. 


Efficient Methed of Exercising 
for Sheulder—Jeint Injuries 


LEG EXERCISER 
SETS 


Designed to assist in passive abduction after 
cup arthroplasty, rehabilitation of para- 
plegics, and many other cases requiring 
weight controlled exercises. 


@ Rigid Construction—Relatively Light in Weight 

© Moves Freely on Ball Bearings in All Directions 

© Protractor Adjustment for Foot Angle Centro! 

© Weight Attaching Eyes at Different Levels 

© Foot and Heel of Exerciser Covered with Foam 
Rubber 


© Exercising Board 14” x 48”, Hinged at Center 
and Angled to Approximate the Arc Scribed 


by the Legs 


To Prevent Frezen 
Shoulder 


The compact size of the Pendulum Exerciser will make it possible to increase 


the arc of motion without hitting the leg of the patient. 


ANGLE DRILL ATTACHMENT 


For Luck Bone Saw and Stryker Drill 
Designed Especially for the Benkhart Operation 


Excellent for bone surgery at difficult angles and in re- 
stricted areas requiring use of drills, curetting burrs, slot- 
ting burrs. Rigidly constructed, light in weight. Entire unit 
may be sterilized. Two Ym inch diameter High Speed 
Drills supplied with each attachment. 


Easily attached to Jacobs chuck with key. 


A hole in the end of the drill bit is provided so that the 
suture can be threaded and pulled through with the ex- 
traction of the drill. 


GONIOMETER — 
Pocket Size 
Anodized Aluminum 


A Pocket Size instrument with calcu- 
lation flexibility allowing complete 
angle determination in degrees. 

Produced from aluminum, anodized 
and dyed black, with white-lead- 
filled dial and indications permitting 
full penetration of radiation and 
screening a per dary 
shadow of measurement on the film 
for consultations and computations. 


BOWEN & COMPANY 
INC. 


P. O. Box 5818 
BETHESDA, MARYLAND 
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FOR 
ORTHOPEDIC 
APPLICATIONS 


freeman": 


For 68 years Freeman has worked closely 
with orthopedic surgeons to design surgical 
garments that provide correct support. 
Each garment is made by skilled craftsmen 
using the finest materials available. 


There’s a quality Freeman support for 
most every application. You can be certain 
MODEL 423 
that the garment you select will carry 
Sacro-Lumbar Back " haba ae 
Support for Women out your prescription to the best possible 


satisfaction of you and your patient. 


Freeman corset-type back supports provide 
bracing in any desired degree to 
almost complete immobilization. Special 
construction features assure comfort 
for the wearer in sitting, standing and 
reclining positions. 

FREEMAN QUALITY FEATURES 

MODEL 422 / | 

Sacro-Lumbar Back f ;, New Dacron-Pima Cotton Fabric. 
Support For Men Petal-Soft Interior Finish cushions the stays, 
avoids irritation. Self-Smoothing, Exclusive 
Non-Wrinkle Fly speeds putting 
on garment and avoids comfort-robbing 
wrinkles. Soft Plush Padding under 
hooks and eyes. Superb Needle Work. 





FREEMAN MANUFACTURING CO. 
Dept. 704, Sturgis, Michigan 
F R EE M A N Please send details on new Freeman features and include 


free reference catalog. 


vu - 


Address 





City Zone State 
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CONVERTIBLE 


BRACE SHOE 


Sabel introduces a newer, 
cleaner, simpler brace and shoe 
combination that simplifies the 
prescribing of corrective foot- 
wear by the doctor, for all time. 
The shoe features the Roto-Lok 
insert, a built-in serrated disc 
that is attached to the sturdy 
steel shank . . . no abrasive or 
scratching action. It’s the per- 
fect night ... and day shoe... 
with or without the brace. Saves 
an extra pair of shoes. 
















¢ 


BUILT-IN ROTO-LOK INSERT 


The setting of the splint on the shoe is made easy by a protractor that is 
stamped on the sole of each shoe. 


EMBOSSED PROTRACTOR STAMPED ON SOLES 


The brace has a matching serrated disc and smooth knurled nut that 
screws into the disc in the sole of the shoe, holding it firmly in the position 
the doctor desires. 

This smoother brace has no protruding arms or edges to cut or tear bed 
clothing. 


R. J. POTVIN SHOE CO., BROCKTON, MASS. 
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IN EVERY SITUATION 





oo ere) 





Specialist® EXTRA-FAST 
For club-foot, fore-arm and other 
casts where rapid setting-time and 
creamy texture are desired. Supplied 
in seven sizes. 


x 5 YARDS 
FAST SETTING 





Specialist® SPLINTS 

FAST and EXTRA-FAST. Ready-cut 
lengths of SPECIALIST bandage for 
splinting and cast-reinforcement. 
Save time, work, material—pro- 
vide added strength where needed. 
Extra-fast type supplied in 3” x 
15” and 4” x 15” sizes—fast 
setting type in 3” x 15”, 4” x 15”, 
5” x 30”, and 5” x 45” sizes. 








q Specialist® FAST-SETTING 

The most widely used bandage for 
all types of casts. Affords more work- 
ing time for molding before plaster 
sets. Supplied in six sizes. 


VELROC® EXTRA FAST 
Velvet smooth texture and extremely 
fast setting-time. Smooth cut, non- 
ravelling edges and improved cores 
that will not fall out. ideal for casts 


where ease of application and re- 
moval, speed of setting, and polished 


appearance are important. Supplied 
r4e) ie) 5 in four sizes. 


, RESIN-PLASTER 


DY 


s 


ZOROC® RESIN-PLASTER 
A resin-reinforced plaster bandage 
especially useful for walking-boots, 
long-term casts and wherever maxi- 


Z a C mal strength, minimal weight and 
effective moisture-resistance are vital. 


: Supplied in five sizes. 
RESIN-PLASTER 


BANDAGES 
lofwwe8n « (lofwen 


HELPING THE HANDS THAT HEAL 








Aunounting 


- SOFROL 


TRADEMARK 


CAST PADDING 


A new, improved cast-padding. Soft, fluffy and cushiony. Conforms 
to body contours without wrinkling. Clings to itself—will not slip dur- 
ing application. Forms a smooth, absorbent protective padding 
under cast or splint. Unaffected by autoclaving. Supplied in four sizes. 
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Metabolic Studies in Orthopaedic Patients ** 


BY GEORGE E, SPENCER, JR., M.D., HARVEY KRIEGER, M.D., WILLIAM E,. ABBOTT, M.D., 
AND STANLEY LEVEY, PH.D., CLEVELAND, OHIO 


From University Hosjnitals of Cleveland and Western Reserve University 
School of Medicine, Cleveland 


During the past five years, we have carried out metabolic balance studies ! 
on surgical patients admitted to the Metabolie Division of University Hospitals 
in order to understand the biochemical alterations that eccur following operation 
or injury. Recently, similar studies have been made of patients with fractures or 
who have undergone various orthopaedie procedures so we could determine if, and 
to what extent, the metabolic alterations following trauma to bone differed from 
trauma to soft tissue. 

Cuthbertson * reported the results of balance studies made of patients having 
fractures and found that following injury there was a marked loss of nitrogen, 
phosphorus, and sulphur. He noted that the maximum loss occurred from the 
second to the sixth day after injury and then gradually declined with a slight 
but continuous loss which sometimes lasted up to two months. He concluded that 
the material undergoing catabolism was derived mainly from muscle. From later 
studies *, he concluded that the maximum daily nitrogen deficit may be as much 
as twenty-three grams and one of the patients he studied had a nitrogen deficit 
amounting to 137 grams in ten days which would represent approximately 1.7 
kilograms of muscle tissue or 7.7 per cent of the total body nitrogen. Cuthbertson 4 
was unable to maintain nitrogen equilibrium in such patients but noted that the 
weight loss and nitrogen wasting could be minimized by increasing the protein 
and calorie intake. In six patients with fractures involving the lower extremity, 
Howard reported an average loss of 220 grams of nitrogen which is equivalent to 
almost 1,400 grams of protein. The greatest loss occurred on the sixth day and 
nitrogen equilibrium was not reached usually until the thirty-sixth day. He did 
not recommend excessive feeding since he believed it would not overcome the 
nitrogen deficit. Moore and his associates stated that the duration and magni- 
tude of negative nitrogen balance correlated closely with the extent of the trauma. 
They reported that the metabolic alterations which occur in a patient with a 
fracture of the shaft of the femur are comparable with those seen in an indi- 
vidual who has a third-degree burn. 


* Read in part at the Annual Meeting of the Orthopaedic Research Society, New York 
N. Y.. February 1, 1958 

+ This work was supported in part by grants from the National Institutes of Health, 
United States Public Health Service A-760 (C5), the John A. Hartford Foundation, the Upjohn 
Co.. Kalamazoo, Michigan, and Mead Johnson and Co., Evansville, Indiana 
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Qur objective has been to study nutritionally normal patients who sustained 
a fracture or who were to undergo a major orthopaedic procedure. Specifically, 


we hoped to clarify which factors were of primary importance in the metabolic 
response to bone trauma and in what way the nutritional regimen could influence 
metabolic alterations 
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Patients O. C. and E. W. The intake, output, and the balance are 
recorded on the ordinate and the time on the abscissa. The intake is 
represented by the height of the column above the horizontal zero line 
ind the output is plotted downward from the top of the intake column. 
Negative balance is indicated by the extent of the black area below the 
zero line and the cross-hatched area above the zero line represents a 
positive balance. Each column represents a twenty-four-hour period. 

The bottom graph indicates the nitrogen and caloric intakes per 
kilogram of body weight. The vertical dotted line indicates the day of 
operation 
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METABOLIC STUDIES IN) ORTHOPAEDIC PATIENTS 


METHODS 

With the use of metabolic balance techniques studies were made of six pa- 
tients who had bone trauma. The patients were placed on a diet which they would 
consume and which the dietitian considered to be adequate. Before consumption, 
all the food was analyzed for nitrogen, sodium, and potassium and was prepared 
and weighed by the staff of the Metabolie Division. Any residual food not taken by 
the patient was analyzed in the laboratory. All exereta ineluding urine, faeces, 
vomit, and sputum were collected and analyzed for sodium, potassium, and nitro- 
gen. The techniques for collection, measurement, and the chemical analysis em- 
ployed have been previously reported in detail’. The patient’s total intake of 
water and nutrients was given intravenously on the day of operation. In some 
instances, the oral intake was supplemented by intravenous alimentation for one 
or two days following operation. Since the amount of blood given at the time of 
operation was essentially comparable with the amount lost, it was not included in 
the balance data. The patients undergoing elective surgery were studied preopera- 
tively for two to ten days and postoperative studies were continued for ten to 
fifteen days. Postoperatively, the patients’ diets were increased if they desired more 
food, but no attempt was made at forcible feeding. The patients were weighed 
daily at 6:30 A.M., after voiding and before eating. The daily excretion of 17- 
hydroxycorticosteroids in the urine was measured in each patient to indicate 
adrenal cortical activity. 


RESULTS 


Figures 1 (0. C. and E. W.) and 2 (F. G. and M. T.) show the data obtained 
from the study of two men and two women. ©. C., a white man, forty-two years 
old, was in excellent nutritional status and had a lumbosacral fusion with an 
autogenous iliac graft performed for instability of the lumbosacral spine. He 
was then kept in bed without a cast. His postoperative course was complicated 
by eystitis with fever ranging up to 40.2 degrees centigrade for six days. He 
received no parenteral fluids after the day of operation. This patient showed a 
positive water balance which we estimated to be similar in amount to his in- 
sensible loss. He retained sodium from the second through the sixth day and 
then was in balanee. His potassium balance showed minimal fluctuation. For 
the ten days he was studied, the patient was in negative nitrogen balance and 
had a cumulative deficit of 61.8 grams. His daily nitrogen intake was 0.15 gram 
per kilogram of body weight. His daily calorie intake was relatively constant, 
ranging around 2,000, which equalled approximately twenty-five calories per kilo- 
cram of body weight 

QO. C. showed little increase in the urinary 17-hydroxycorticosteroids in rela- 
tion to the degree of trauma and fever. While we have no explanation for this, 
we have noted such a response occasionally in other patients who showed no 
evidence of adrenal cortical insufficiency. This patient lost four kilograms or ap- 
proximately nine pounds in ten days. 

E. W., a white man fifty-three years old, underwent arthrodesis of the right 
hip for osteo-arthritis. He appeared well nourished. Following surgery, he was 
kept in bed in a double hip spiea. There was a mild febrile response for two days 
after arthrodesis. He was maintained on intravenous alimentation for two 
days postoperatively and then was given food by mouth. The patient Was 1n a 
state of negative water balance as his insensible loss would offset his minimal 
recorded gain and, except for one day, was also in negative sodium balance. His 


potassium balance showed a deficit for three days postoperatively, then a slight 


gain for six days, and then a loss. There was a large daily nitrogen deficit 
throughout the postoperative study period. For the first five days postoperatively, 
his cumulative nitrogen deficit was 54.6 grams. His caloric and nitrogen intakes 
were poor and larger deficits occurred when the intakes decreased. On the other 
hand, the urinary 17-hydroxycorticosteroids were significantly increased on the 
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Patients F. G. and M. T. The studies are plotted as in Fig. 1. The positive 
balance is represented by the height of the cross-hatched area above the zero line 
ind the deficit by the extent of the black column below the zero line. 
first and second postoperative days but gradually returned to normal values. It 
should be noted (Fig. 1) that there is no correlation between the nitrogen deficit 
and urinary 17-hydroxycorticosteroid excretion in this patient. He had a four- 
kilogram weight loss in twelve days. 

At the bottom of Figure 1, the data of the dietary intakes of patients O. C. 
and E. W. are recorded on a per kilogram of body weight basis. From this infor- 
mation, one is readily able to compare one patient with another. The positive 
nitrogen balance is shown by the hatched area above the zero line and the nega- 
tive balance by the extent of the black column below the zero line. Both of the 
patients whose data are shown in Figure 1 had a poor caloric and nitrogen intake. 
On the third postoperative day, E. W.’s calorie intake was under 700 calories 
which obviously is quite inadequate. This patient’s cumulative nitrogen deficit 
for the first twelve postoperative days amounted to 119 grams of nitrogen. 
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Fic. 3 
Patients FE. B. and C. G. Positive balance is represented by the height of 
the cross-hatched columns and the deficit by the extent of the black columns 
below the zero line. The bottom graph compares the nitrogen and caloric 
intakes per kilogram of body weight 


F.G. (Fig. 2), a white woman seventy-two years old, had an immediate in- 
sertion of an Austin Moore prosthesis for a fracture of the left femoral neck. She 
Was not walking but was active in bed. She had a febrile reaction for one day and 
Was In a negative state of potassium balance for one day postoperatively. Her 
water balance was on the positive side with a gain in sodium and body weight 
The cumulative five-day negative nitrogen balance was 27.7 vrais During 
this time, her daily nitrogen and calorie intakes averaged 0.18 gram and twenty- 
three calories per kilogram of body weight, respectively. It should also be noted 
that her 17-hvdroxycorticosteroid response Was elevated on the day of operation 
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and gradually fell to normal values. She showed a two-kilogram weight gain at 
the end of the studies. 

M. T. (Fig. 2), a white woman seventy-seven years old, also had an immedi- 
ate insertion of an Austin Moore prosthesis for a fracture of the femoral neck. 
Postoperatively she exhibited a two-day febrile response. Her water, sodium, 
and potassium balances fluctuated above and below the zero line without any 
definite pattern, She remained in negative nitrogen balanee for the nine days she 
was studied and had a cumulative nitrogen deficit of 33.8 grams for the first five 
postoperative days. Her daily nitrogen and caloric intakes per kilogram of body 
weight averaged 0.20 gram and twenty-eight calories, respectively. Postopera- 
tively, her urinary 17-hydroxycorticosteroids increased and she lost two kilo- 
grams of weight in nine days. 

Figure 3 shows the data obtained from the study of two patients (E. B. and 
C. G.) who had adequate calorie and nitrogen intakes during the postoperative 
period. E. B., a white man forty-five years old, had an Austin Moore prosthesis 
inserted for avascular necrosis of the right femoral head secondary to a frae- 
ture of the femoral neck. Study for eight days preoperatively and eleven days 
postoperatively showed that he maintained a positive water balance, if the esti- 
mated insensible loss is subtracted from his recorded balance. He also retained 
sodium which gradually returned to equilibrium. He maintained a positive potas- 
sium balance throughout the study except on the day of operation when the in- 
take was very low. The average daily nitrogen and calorie intakes per kilogram 
of body weight were 0.34 gram and forty-three calories, respectively. He exhibited 
a positive nitrogen balance during the preoperative period. Although postopera- 
tively he exhibited five days of slight nitrogen deficit and three days of positive 
balance, his nitrogen and calorie intakes were less during these days than preop- 
eratively and during the last four days of study. The patient gained weight fol- 
low Ing the operation 

C.G. (Fig. 3), a Negro man thirty-nine years old, was treated for a simple 
fracture of the shaft of the tibia with immediate intramedullary fixation and 
cast and was permitted daily sitting in a chair. The patient had been on an 
aleoholie debauch at the time of injury. He maintained his water balance in 


approximate equilibrium with somewhat erratic sodium balance which remained 


on the positive side. The potassium balance was slightly positive. He had cumu- 
lative nitrogen deficit of 3.6 grams during the first five days after operation and 
Was in positive balance after the eighth day. The nitrogen intake was approxi- 
mately 0.27 gram and the calorie intake approximated thirty-seven calories per 
kilogram of body weight daily. Postoperatively both E. B. and C. G. exhibited the 
usual inerease in the urinary 17-hydroxycorticosteroids 

The bottom of Figure 3 (Ek. B. and C. G.) shows the calorie and nitrogen 
intakes which ure recorded on a per kilogram ol body weight basis. The caloric 
and nitrogen intake ranged between thirty-five and forty-five calories and about 
0.3 gram of nitrogen pel day for each of these two patients. 


DISCUSSION 


It should be emphasized that these patients were selected at random and 
were considered to be average patients. They were permitted to advance their 
diet as desired and were not forcibly fed. Most of the patients were able to main- 
tain their electrolyte and water balance in approximate equilibrium when on oral 
intake. E. W. (Fig. 1) was unable to maintain his water balance and lost sodium 
and potassium. F. G. retained sodium and water and, because of this, gained 
weight in spite of a negative nitrogen balance. 

Four of the six patients were in negative nitrogen balance following injury 
or operation. These four patients were unable to consume what is considered 
adequate nitrogen and calorie intake for patients undergoing major surgery. The 
National Research Couneil recommends that minimal requirements per day for a 
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resting or moderately inactive person are one gram of protein or 0.16 gram of 
nitrogen and twenty-five calories per kilogram of body weight. Such a nutritional 
intake should keep one in nitrogen balance or equilibrium. Rhoads stated that, 
following major trauma, a patient should be given 0.3 to 0.4 gram of nitrogen 
and thirty to forty calories per kilogram of body weight per day to prevent 
protein wasting and a loss of body weight. This is almost twice the amount a 
resting individual not exposed to surgery requires and would equal an intake of 
from 130 to 175 grams of protein and 2,100 to 2,800 calories for a seventy-kilo- 
gram or 154-pound patient. Patients (Fig. 3) E. B. and C. G. were the only ones 
who maintained this level. 

None of our patients undergoing surgery showed potassium balance which 
paralleled the nitrogen balance in a consistent ratio of three milliequivalents of 
potassium to one gram of nitrogen. This ratio was previously reported in starva- 
tion states and has not been found in post-traumatie or postsurgical studies '7, The 
potassium deficit is usually quite large for two or three days following trauma and 
then this ion is conserved. We can account for this deviation from the potas- 
sium-nitrogen ratio in that the potassium is not all coming from the breakdown 
of muscle but is also being mobilized from the cells and later, being replaced 
intracellularly. 

The insensible water loss was not measured in these patients but if 800 to 
1,000 milliliters per day were allowed their water balance would have only 
modest fluctuations from equilibrium. 

Immobilization alone was shown by Deitrick, Whedon, and Shorr to cause 
only minor fluctuation in nitrogen balanee. One of their subjects showed nitro- 
gen losses of 2.5 and 1.5 grams per day during two weeks of a seven-week period 
of immobilization. During the other five weeks there were minimal fluctuations 
between equilibrium and slight, positive nitrogen balance. 


SUMMARY AND CONCLUSIONS 
1. The four patients who underwent orthopaedic procedures were in negative 
nitrogen balance well below the dietary levels reeommended by Rhoads, while 
the two patients who maintained a high nitrogen and calorie intake per kilogram 


of body weight were either in positive nitrogen balance or showed transient and 
minimal nitrogen deficits. It is of interest to note that, with the exception of 
F. G. (Fig. 2), all the patients showed fluctuations in weight and nitrogen bal- 
ance that fairly well paralleied their dietary intake. 

2. There was no correlation between the nitrogen deficits and the urinary ex- 
cretion of 17-hydroxycorticosteroids. 

3. It therefore appears from these studies that factors other than trauma to 


bone and adrenal overactivity are of major importance in governing the patient’s 
metabolic response. The factors which must be considered are: nutritional in- 
take, fever, immobilization, and the preoperative nutritional status of the patient. 
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Posterolateral Bone-Grafting for Fusion 


of the Lumbar and Lumbosacral Spine* 


BY MELVIN BRENT WATKINS, M.D., NEW YORK, N. Y. 


From the New York Orthopaedic Disp nsary and Hospital, 
Columbia-Pre shyte wan Medical Cente x New York 


Operative fusion of the posterolateral vertebral elements ** following at- 
tempts at posterior fusion in patients with pseudarthrosis or defective neural 
arches at the lower lumbar and lumbosacral levels may be accomplished in a high 
proportion of cases 

The posterolateral approach *'' to the lumbosacral spine for fusion consist- 
ently has proved to be satisfactory in my experience, providing ready access to 
the transverse processes, posterior articulations, and pedicles without disturbing 
tissues previously operated upon. It is also preferable to the mid-line approach 
used in correction of congenital and postsurgical laminal defects or in patients with 
tuberculosis involving the posterior elements of the spine. 


OPERATIVE TECH NIQUE 

The operative technique has been modified as follows. The iliae attachment 
of the muscles of the spine is released with an osteotome and a thin layer of ilium 
is ineluded to ease closure. Securing the muscles of the spine ever the seated 
graft with a few deep sutures has obviated screw fixation in most instances. More 
complete details of the procedure are described in an article which appeared in 
1953 © 

Twenty-eight patients who had posterolateral spine fusion by this technique 
have been evaluated (Table I). Previous operations on the lower portion of the 
back had been performed on twenty-one patients. Of the seven primary fusions, 
five were performed for spondylolisthesis, one for congenital defects of the lamina, 
and one for tuberculosis of the posterior elements of the spine. 

Seventeen bilateral and eleven unilateral procedures were performed. Autog- 
enous iliac bone was used in all patients; supplementary grafts of bone-bank 
bone wert required in six The essential steps of the procedure are: 


*Read at the Annual Meeting of The American Academy of Orthopaedic Surgeons, 
Chicago, Illinois, January 28, 1957 


THE JOURNAL OF BONE AND JOINT SURGERY 





POSTEROLATERAL BONE-GRAFTING 


Paraspinal muscles 


rosterior 
Iliac crest 
reflected muscle 


2eacrum 


Fig. 1 
Exposed area of the lumbosacral spine for either a one or two-joint fusion in a 
patient with spondylolisthesis 


Inter-transver < 
muscles 


_lLumbo-dorsal fascia 
ox 





Fic. 2 
The inferior facet of the fifth lumbar vertebra has been removed to reveal the 
underlying nerve roots 


1. A longitudinal incision beginning at the lateral border of the erector spinae 


muscles is curved medially at the distal end to allow access to the posterior iliac 


crest. If preferred, a U-shaped incision may be used for bilateral procedures. 


VOL. 41-A, NO. 3, APRIL 1959 





Operative 
Indications 


Pseudarthrosis 
Pseudarthrosis 
Pseudarthrosis 
Pseudarthrosis 


Pseudarthrosis 


Post-laminectoms 


instability 


Post-laminectomy 
instability 
luberculosis of 


posterior ¢ lements 


Spina bifida 
Pseudarthrosis 


Post-laminectomy 
instability 

Post-laminectoms 
instability 


Pseudarthrosis 


Post-laminectomy 
instability 

Spondylolisthesis 
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Pseudarthrosis 


Spondylolisthesis 
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Pseudarthrosis 


Post-laminectomy 


instability 


Pseudarthrosis 
Pseudarthrosis 
Pseudarthrosis 
Pseudarthrosis 


Spondylolist hesis 
at LS 


Pseudarthrosis 


Spondylolisthesis 
at L4 and L5 

Pseudarthrosis 

Spondylolisthesis 
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M. B. WATKINS 


TABLE I 


No. of 
Previous 
Low-Back 


Operations 


Length of 
Vertebrae Fused Follow-up 
Unilateral Bilateral Years) 


Results of 
Fusion 


i A-L5 


Solid 
Failure 
Solid 
Solid 


Failure; solid, 
L4-L3, 
motion, L5-S1 
Failure; minimal 
motion at L4-L5 
and L5-S1 


Solid 


Solid 


Solid 
Solid 
Solid 
Solid 
Failure 


Failure; minimal 
motion 
None Solid 
Failure; motion in 
all joints 


Solid 


Failure; question- 
able motion at 
L4-L5 and L5-S1 

Failure at L4-L5 
repair and fusion 
of opposite side 9 
mos. later; solid at 
final examination 


Solid 
Solid 
Solid 
Solid 
None Solid 


Solid 


Solid 


10 2 Failure 


None 


Solid 
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TABLE I 


Postoperative 
Roentgenographic Clinical Evaluation Resumption 
Evaluation Preoperatively Postoperatively Activities 


Biplane bending Limited housework; restricted Full housework 6 mos. 
bending and lifting 
Biplane bending Minimal housework Minimal housework 1 mos. 


Biplane bending Incapacitated for housework Full housework; avoids 6 mos 
heavy lifting 
Biplane bending Hospitalized bed patient Watch-dial painter 6 mos. 
tuberculosis) 14% yrs. 
Biplane bending Hospitalized bed patient Sedentary work 7 mos 
tuberculosis) 1 yr., 3 


Biplane bending Minimal housework; no Full activity 6 mos 
sports including sports 


Biplane bending Hospital patient ; semi-be Part-time librarian 6 mos. 
6 wks 


Biplane bending also Full activity until 3 mos Sacro-iliac fusion; 2! 
I 


» yrs. 
exploration at time of preoperatively drainage abscess of thigh 
sacro-iliac fusion during 2-year period; full 

activity 

Lateral, flexion, and Activities limited; gave up Full activity including 6 mos. 
extension tennis tennis 

Biplane bending Unable to work as dent: Part-time dental assistant 

assistant cancer of the cervix 

Biplane bending Limited housework; no Full housework 6 mos 

lifting 

Lateral, flexion, and Confined to house; minimal Full activity 6 mos 
extension activity 4 to 6 hours a day 

Biplane bending Totally disabled (nurse Unimproved; transferred to 

another hospital 

Lateral Totally disabled (nurse Part-time nursing 


Biplane bending Limited housework; no Full activity 
lifting 
Biplane bending Sedentary activities; no No change in preoperative 
bending or lifting condition 
Biplane bending Limited housework; no Full activity 
lifting 
Biplane bending Totally disabled; Disabled for heavy work 
compensation sedentary employment 
unavailable 
Lateral, flexion, and Totally disabled Full-time teaching l yr. after 
extension teacher bilateral 


fusion 


Lateral, flexion, and Totally disabled Full-time salesman 6 mos 
extension traveling salesman 
Biplane bending Totally disabled Full activity; airline 5 mos 
store clerk reservation clerk 
Lateral, flexion, and Unable to work as nurses’ Full housework; avoids 6 mos 
extension aide; minimal housework heavy lifting 
Biplane bending Potally disabled Full activity as merchant S mos 
merchant seaman seaman 
Biplane bending Totally disabled factory Full activity at usual job 6 mos 


worker, compensation 
Biplane bending Totally disabled fitter in Full-time fitter in dress 


dress shop shop 
Lateral Totally disabled Disqualified as truck driver 
truck driver other work unavailable 
Biplane bending Moderate housework Moderate housework 6 mos 


Biplane bending Totally disabled Part-time, inside employ S mos 


mail carrier ment at post office 
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2. The broad expanse of the muscle attachment to the ilium is released with 
an osteotome and a thin layer of bone ineluded. This modification in the original 
technique prevents Iraying ol the musele fibers and facilitates closure of the 
wound 

3. Exposure of the posterior articulations, pars interarticularis, and transverse 
processes is accomplished by reflecting the muscle mass toward the mid-iine. 

4. The fusion bed is prepared by excising soft tissue and turning up chips of 
bone from available sources 

5. Single or multiple grafts are removed from the iliae crest and positioned in 
the fusion bed. A single large graft, if insecure, may be fixed with one or two 
screws. In most cases the graft fits snugly and is held in place by a few well placed 
sutures in the overlying muscle mass 

6. The erector spina muscles are reattached to the cluteal fascia and the 
wound is closed 

In spondylolisthesis, with little or no displacement, one-joint fusion may be 
adequate. There are two such cases in this series, the fifth lumbar vertebra hav- 
Ing heen fused to the sacrum in each 

POSTOPERATIVE MANAGEMENT 
In ten patients the average period of postoperative recumbency Was eight 


weeks. In two, a plaster spica was used; and in eight, a brace or reinforced corset 


was applied for postoperative immobilization. Walking was allowed gradually 


with a brace or corset tor support Kighteen ol the patients operated upon walked 


three to four weeks alter surgery supported by a brace or corset, 


RESULTS 

Except for exploration, I believe there is no method by which solid spine 
fusion can be determined with certainty. Since this method is not practicable as a 
routine procedure, one must rely on clinical findings and the interpretation of 
roentgenograms 1n evaluating results of fusion. In three patients who had uni- 
ateral procedures In this group, 1t Was wssible to determine the status of the 
lusion by exploration at the time of a second operative procedure, In one patient 
whe had been operated upon for tuberculosis of the fifth lumbar vertebra and 
sacrum, tuberculosis of the sacro-iliae joint developed fourteen months after op- 
eration, At the time of fusion of the sacro-iliac joint, the site of the spine graft 
Was ¢ xplore d and found to be solidly fused. The fusion sites of the other two pa- 
tients operated upon for lumbosacral instability following laminectomy were ex- 
plored because of persistent low-back pain. In one patient, fusion was solid and in 
the other fusion had not occurred. In each patient, grafts were implanted in the 
Opposite poster lateral portion ol the spine 

The results of fusion were based on biplane bending roentgenograms in twenty- 
one patients an lateral flexion-extension roentgenograms in seven. Routine oblique 
roentgenograms were helpful in determining the position of the grafts in relation 
to the transverse processes 

The clinical results in this series of patients with predominantly multiple 
operations were recorded on the basis of a comparison of the patient’s physical 
cup bilities before and afte r operation 

wo patients who had unilateral procedures with failure of fusion were re- 
operated upon. One patient (Case 19, Table I) resumed her usual occupation one 
vear after fusion of the opposite side of the spine The other patient went to an- 


other hos vital lor operation and Was lost to follow-up 


COMPLICATIONS 


In this serzes one patient had wound infection. Postoperative hematomata 
were aspirated m six cases. In one patient who had a unilateral procedure, reop- 
eration for a displaced graft was performed ten days postoperatively. Postopera- 
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Fic. 3 lia. 4 
Fig. 3: Bilateral fusion for instability of the spine following laminectomy. Fusion was 
evaluated by lateral roentgenograms made in flexion and extension 
Fig $: Bilateral fusion pertorme d for congenital defects of the lumbosacral spine Evaluation 
of fusion was based on biplane bending roentgenograms 


hia. 5 


Bilateral fusion performed for pseudarthrosis at the fourth and_ fifth 
vel. Evaluation of fusion was based on biplane bending rocntgeno- 


lumbar |e 


grams 


tive ileus deve loped In two patients but subsided in each without requiring intu- 
bation. 


DISCUSSION 


Although lew reports on the technique of exposure Ol this area of the spl c 
have been published, other surgeons have utilized the posterolateral elements of 
the spine, usually by dissecting laterally from the mid-line. Hibbs, in 1924, in 
describing the technique for fusion of the spine in the dorsal area in scoliosis 
stated: “The dissection is carried farther and farther forward upon each verte- 
bra in turn, until the spinous processes, the posterior surfaces of the laminae, and 
the base of the transverse processes are bared, thereby exposing the ligamentum 
subflavum attached to the margins of the laminae and the articulations of the 
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lateral processes.”’ Hibbs undoubtedly made use of all the exposed bone surface 
in preparing the fusion bed 

In 1939, Campbell deseribed a method of exposure and utilization of the pos- 
terolateral region of the lumbosacral spine in conjunction with fusion of the sacro- 
iliae joint. He stated that following extra-articular fusion of the sacro-iliae joint, 
the inner flap of the incision should be dissected up and the posterior aspect of 
the laminae and transverse processes of the fourth and fifth lumbar vertebrae 
isolated and denuded. An osseous graft from the crest of the ilium should then be 
placed in the gutter for the sacro-iliae fusion and extended upward to approximate 
the denuded surfaces of the fourth and fifth lumbar vertebrae. 

This technique, which was unknown to the author in 1953 when a preliminary 
report on posterolateral fusion of the lumbar and lumbosacral spine was pub- 
lished, is similar to the method of exposure and application of a massive iliae 
graft deseribed in this report. | am not aware of additional reports of this tech- 
nique of stabilizing the lumbosacral spine without sacro-iliae fusion. 

In 1948, Cleveland, Bosworth, and Thompson described the use of grafts 
placed along the base of the transverse processes and against the posterior articu- 
lations in a method of repairing pseudarthrosis in the lumbosacral spine. In de- 
scribing the procedure the authors stated: “It consists essentially in denuding 
the laminae and the lateral margins of the articular processes, with extension of 
the dissection to the bases of the transverse processes on one side only (hemi- 
fusion). The medial portion of the transverse process is likewise denuded. . . 
Furthermore, contact is made with the transverse processes and the outer surfaces 
of the articular facets, as well as across the previous spine fusion on one side.” 
The posterolateral portion of the spine was exposed on one side, leaving the sear 
tissue intact on the other side to provide stability. Bosworth again reported this 
method of repair for pseudarthrosis in 1948 * 

Bosworth and Levine utilized the posterolateral portion of the spine in fusion 
for tubereulosis, and applied cancellous-bone grafts to the posterior surfaces of 
the transverse processes and pedicles 

Adkins reported the use of intertransverse tibial grafts following laminec- 
tomy in the treatment of spondylolisthesis. 

In the cireumduetion fusion deseribed by Bosworth ® and used in extensive 
luminal defects and severe cases of tuberculosis of the posterior portion of the 
spine, the transverse processes and posterior articulations are used as graft sites 
above and below the area of disease 

I believe that this procedure for grafting the posterolateral spine will give a 
higher percentage of successful results than can be obtained by extension of dis- 
section and grafting from the mid-line exposure. The fusion bed can be better 
pore pared and there is less tendency for the graits to become elevated from con- 
tact with the tramsverse processes and pedicles, Another important advantage of 
this approach is that it obviates making a mid-line ineision. In the author’s series 


two patients with tuberculosis of the posterior element had fusion during which 


no diseased tissue was encountered. In one case of spina bifida with meningocele, 
the neurosurgical consultant was opposed to making an incision over a posterior 
sacral mound. Suecessful stabilization was attained in this patient with bilateral 
grafts imbedded by the posterolateral approach in one procedure. A number of 
patients in the series who had indications for posterior exploration had grafts 
placed from the mid-line on one side; on the other side, the posterolateral ap- 
proach was used. In each instance the posterolateral incision provided a more 
adequate exposure and at the same time allowed access to an ample supply of 
iliae bone 

Autogenous iliac bone was used in all patients, supplemented in six by bone- 
bank bone. In all but two, massive iliac grafts were used. A single large graft 
from the posterior iliae crest conforms well to the angle of the lumbosacral joint 
and the most sat sfactory graft for fusion of either one or two joints. 
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Although no complications arose from the use of screws, they were omitted 
in the last eleven operations. The improvement in the technique of seating the 
grafts and suturing the overlying muscles to secure them obviated internal fixa- 
tion in these procedures. 

More bleeding is encountered in the posterolateral approach to the spine, due 








to extensive soft-tissue dissection. There are no large vessels in this region, how- 






ever, and blood loss need not be excessive. Blood oozing from the site of removal 






of the grafts from the iliae crest, unless adequately controlled before closure of 





the wound, may lead to postoperative hematomata. 











COMMENTS 





In twenty-eight patients who had posterolateral spine fusion, results were 
significantly better in the seventeen with bilateral operations, thirteen of which 
were performed in one stage and four in two stages. There were no failures of 
fusion in the seven primary procedures five of which were performed on patients 
with spondylolisthesis. In patients with spondylolysis or spondylolisthesis with 
minimal displacement, a one-joint fusion may be adequate. There were two such 









patients in this series. 
Although the results in this series indicate a use for posterolateral fusion as 







a primary procedure in spondylolisthesis, further experience with a larger num- 
ber of patients is neeessary before forming definite conclusions. In the difficult 







problems encountered—pseudarthrosis and defects of the posterior elements of 





the lower lumbar and lumbosacral spine—bilateral grafting with autogenous iliac 






bone will result in solid fusion in a high percentage of cases. 






Despite physical deterioration, emotional disturbance, and sense of despair 





in many of the patients in this series, the response to successful stabilization of 
the spine was rewarding. Many of the previously severely disabled patients un- 
dertook gainful occupations following posterolateral fusion. 








Nore: Four of the cases in this series were from the Veterans Administration Hospital, 
Kingsbridge, Bronx, New York 
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DISCUSSION 


Dr. Mareus J. Stewart, Mempuis, TENNESSEE: In 1953, Dr. Watkins discussed his tech- 
nique for posterolateral fusion and gave a preliminary report of ten patients. Today, we have 
end results of twenty-eight patients with a high percentage of good results. The operation 
has been given a thorough test since it has been done only on difficult cases. Each patient 
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had had from one to five previous attempts at fusion: each of these patients pre sented a 
formidable problem. Bosworth, Adkins, and others have reported various surgical techniques 
for securing spine fusion in cases of tuberculosis, pseudarthrosis, and similar complications 

Probably the most essential step in securing fusion of the spine is the preparation of the 
posterior articulations and laminae to form a good bed for receiving the grafts. Second in 
importance is the addition of a proper amount of good osteogenetic substance, and nothing 
is better than fresh autogenous cancellous bone. Dr. Watkins’ report assures us that he has 
fulfilled these criteria, and his operative technique is obviously that of a master surgeon. In 
my opinion, there are no avenues for major complications in this exposure. For most of us 
the anticipation of attempting new exposures is invariably more hazardous than the actual 
weomplishment. of the procedure. 

Fusion of the anterior part of the cervical spine would, upon first consideration, pose a 
rather difficult problem. About a vear ago, I was confronted with a patient on whom neuro- 
surgeons had done a complete laminectomy from the first to the seventh cervical vertebra 
following fracture-dislocation of the fifth on sixth cervical vertebra. Extensive laminectomy 
endered it nearly impossible to do an adequate posterior fusion. This led us to investigate 
the possibility of an anterior approach. After careful review of the anatomy and performing 
the exposure on several cadavera, we gained more confidence. I secured the assistance of 
Dr. Edwin Cocke, an excellent nose and throat surgeon 

We used the same skin incision as that commonly used for thyroidectomy. Then, by 
displacing the neurovascular bundle lateralward and the trachea and esophagus to the opposite 
side, it was surprising with what ease we approached the cervical spine. The middle thyroid 
irtery was the only structure of any importance that was sacrificed. Palpation of the osteo- 
phytes on the anterior surface of the cervical spine and comparison with roentgenograms 
made it easy to identify the level we wanted. However, the position was confirmed by 
roentgenograms made during operation. We next removed the annulus fibrosis, and curetted 
ut the entire intervertebral disc, breaking through the table of cortical bone on the inferior 
surface of the fifth cervical body and the superior surface of the sixth cervical body. The 
intervertebral space was packed with fresh cancellous bone \ wedge of cortical iliac bone 
was placed between the fifth and sixth cervical segments anteriorly, so that the flat smooth 
surface of this graft prevented the cancellous bone from extruding from its bed. The graft 
illowed an even surface over which we closed the cervical fascia. The patient tolerated the 
procedure well, had no postoperative difficulty, and within eight weeks had solid bone fusion 

\ few weeks later, Dr. Cocke assisted Dr. Harold Boyd in performing a similar pro- 
edure on « fifteen-year-old boy in whom three segments of the cervical spine were bridged 
\ cortical iliac graft was wedged into the body of the third cervical vertebra and fastened 
o the body of the fifth by a stainless-steel screw The patient had no postoperative difficulty 
The early good result and especially the ease of exposure in these two patients was most en- 
couraging 

Dr. Watkins’ posterolateral bone-grafting procedure offers us a real opportunity to help 
itients who present multiple complications in attaining lumbar and lumbosacral fusion. I 


would like to compliment him not only for this operation and its technique, but also for 


the manner in which he has presented his study 

Dr. Water A. L. THompson, New York, N. Y.: My experience is the result of having 
performed this operation on fifteen patients. Of this group, thirteen have been followed for 
more than a vear with stress roentgenograms. This is not a simple operation; due to the 
iscularity of the operative area, bleeding was a problem. The operation has been facilitated 

using a long U-shaped incision which makes it easy to work on the opposite side if one 
side has had to be packed 

\ cautering knife has simplified this operation since it controls profuse multiple small 
bleeders 

Another aid has been the use of spinal anaesthesia to lessen intra-abdominal pressure 
Postoperative ileus may be an annoving complication. However, it is never a serious one 
I no longer use massive grafts since they can slip. Instead, a mass of long flexible iliac slivers 
ire used. Originally, I performed this operation as a last resort in patients who had had 
multiple operations. Now I use it more and more as a primary procedure. As a primary 
rrocedure, it appeals to me and for the following reasons: (1) fusion cannot. injure and 
rritate the underlying nerve roots and dura mater; (2) if late neurological exploration 
should become necessary, it is simply done; and (3) I feel that a greater number of really 
solid fusions can be obtained 

If it is necessary to subject an occasional patient to spine fusion, with all the danger 
this operation entails, we should select the operation which will most likely succeed even 
il more extensive 
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Léri’s Pleonosteosis 


A StTupy OF A FAMILY WITH A REVIEW OF THE LITERATURE * 


BY JOHN G. RUKAVINA, M.D., HAROLD F. FALLS, M.D., JOHN F. HOLT, M.D., AND 
WALTER D. BLOCK, PH.D., ANN ARBOR, MICHIGAN 


From the De partments of De rmatology and Syphilology, Ophthalmology, and 
Radiology, University of Mi higan, Ann Arbor 


André Léri, in a series of publications *:!":"!-!*, was the first to describe an un- 
usual congenital and hereditary syndrome involving chiefly the osseous system. 
He applied the term pleonosteosis (from the Greek pleon which means superabun- 
dant) to this entity and postulated that the osseous abnormalities were due to 
a precocious and excessive ossification of the bones of cartilaginous origin asso- 
ciated with enlargement of the epiphyses. The typical syndrome consists of the 
following features: (1) shortness of stature, (2) Mongoloid facies, (3) short, spade- 
like hands, (4) broad thumbs in valgus position, (5) genu recurvatum, (6) flexion 
contractures of the digits of the hands and feet, (7) cubitus valgus, and (8) limi- 
tation of motion of the articulations of the body. The individuals and families 
studied, however, have shown variations in expressivity of the trait, a common 
occurrence in the majority of the hereditary aberrations of the skeletal system. 
Certain cutaneous changes have also been recorded which are: hollow palms, ac- 
centuated skin creases between thick palmar pads, and thickening of the hands, 
forearms, and facies, resembling scleroderma. Ophthalmological findings in the 
syndrome include Mongoloid slanting of the palpebral fissures, moderate thicken- 
ing and tenseness of the skin of the eyelids, and (questionably) strabismus. 

This report concerns what is believed to be the first American family to 
exhibit this rare entity. The available literature has been reviewed in order to 
define the syndrome more precisely and to emphasize certain dermatological and 
ophthalmological aspects. Study of the serum proteins by experimental electro- 
phoretice methods (free boundary electrophoresis) was carried out in the hope of 
developing a biochemical diagnostic technique for confirming the clinical diagnosis 
in the affected subjects, and of uncovering consistent characteristic electrophoretic 
changes in apparently normal members of the family who might be expected to 
have a preclinical form of the disease. No such changes in the electrophoretic 
pattern in normal members of the family were found. 


KINDRED 


The family, on which this report is based, resides in the south-central portion 
of the lower peninsula of Michigan and was first encountered on April 4, 1950, 
when one of the authors (H. F. F.) observed the anomalous skeletal changes ex- 
hibited by the mother of one of his patients with strabismus. A pedigree was 
drawn up and it constitutes kindred 1806 of the files of the Department of Human 
Genetics, University of Michigan Medical School. The generations are indicated 
by Roman numerals and the various members of each generation (in birth order) 
by Arabic numerals. The propositus, the previously mentioned mother, is thus 
[1I-2; she will subsequently be referred to by that symbol. The family consisted 
of twenty-one Caucasian members. All available members of the family were ex- 
amined both clinically and roentgenographically. Various laboratory studies, in- 
cluding free electrophoretic examinations of the serum, were also carried out. 


This study was supported in part by United States Public Health Service funds 
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detormed fingers 


CASE REPORTS 


4 ught to | { rst individual in the family who was afflicted 


recalles 


wis shuffling gradi 


i that he had ¢ Dit © pathognomic deformity of the hands 


ully progressing limitation of joint motion developed 


( en have resembled those of the living affected 


phvsiognomv we 


‘ of the propositus, had marked deformities 
P eit is present both hands in addition to thickening of the 


n 

rms. Broad thumbs and great toes were associated with flexed. short. stubby 

ind Limitation of motion of varving degree was found in the neck, shoulders 
knees, and elbow joints ot decrease of the normal lumbar lordosis was evident 
ing the patient a characteristically traight, soldrer-like carn ie. She walked with short ste ps 
gait was somewhat waddling in nature. Function of her hands was impaired. When 
rument, she would hold them between the proximal phalanges ol 


spoon or similar inst 
ith + broad and distorted thumb giving additional support 


second and third fingers 


Roentgenograms of eleton exhibited numerous changes. These included minimal 
generalized osteopor ght scoliosis, moderate vpertrophie spurring, and widening of the 
il diameters of the posterior neural arches t vical spine. In addition incomplete 


ntation of the neural arches of the second d third cervical vertebrae was observed ind 
entgenograms of the hands and feet showe« short and broad metatarsals, meta- 
tls, and phalanges. These changes were not pronounced 

Siochemical and laboratory findings were: serum calcium, 9.2 milligrams per 100 cubic 


entimeters ilkaline phospl i 24 King-Armstrong units blood hon-proteimn nitrogen 10 
milligrams per 100 cubie centimet total cholesterol, 1382 milligrams per 100 cubic centimeters 


The Kahn test was negat 
Serum electrophoresis (free moving boundary tbnormal, low a, and a, globulin 


I] This forty-y man was admitted the University Hospital for the purpose 
irefully evaluating iffected individual from an experimental biochemical point of 
omy { this patient were inability to walk with the heels on the ground: 


fist to tie his necktie ol button 


irthritis of neck, hands ind wrists inabilitv to make i 
e hands; and the presence « variegated kernels or nodules be- 


iew. The chief « 


his collar numbness of tl 
{ 


neath the skin of the fingers of both hands 


Past history madicated that the patient had had jaundice with complete recovery at Six 


vears of age. In 1982, a bilateral Achilles-tendon lengthening operation had been performed 


Ar sul operation tad been performed im 1931 for an lle ged bone growth \ dislocation of the 
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Roentgenogram of the cervical spine. The vertical 
height of the posterior neural arches is strikingly in- 
creased, resulting in the reversal of the normal lordotic 
eurvature., 


right 


elbow in 1929 had resulted in marked limitation of motion in this joint. A vasectomy was 
requested by the patient because of his concern with the hereditary nature of his disease 
Physical examination revealed his height to be six feet one inch (taller than usual for 
this svndrome), weight 167 pounds, and his blood pressure 120 systolic and 80 diastolic. Oph- 
thalmological examination showed narrowed palpebral fissures and Mongoloid slanting of the 
palpebral fissures. Otherwise the eves were normal, Cardiovascular, pulmonary, and abdominal 
examination failed to reveal any abnormalities. The skin over the forearms apd backs of 
the hands was indurated and bound down, suggesting a sclerodermatoid process Small nodules, 
ipparently subeutaneous and relatively immobile, were found on all the fingers (Fig. 1). These 
were not tender and showed no evidence of ulceration or sinus formation. Both hands mani- 


fested a definite puckering of the palmar fascia. Flexion deformities of the distal interpha- 


! nge il joints as well as limitation of motion of the proximal phalangeal joints were noted, 
but the metacarpophalangeal joints were not remarkable. Although the patient was not 
ible to make a complete fist, his hand grip was strong. The musculature and subcutaneous 
tissues of the forearm were firm to palpation, especially on the volar aspects. The wrists pre- 
sented limitation of motion with approximately 20-degree dorsal and palmar flexion. In the 
right elbow, there was a bone abnormality, apparently due to the dislocation; extension of 
the arm was limited to approximately 130 degrees; the left elbow could be flexed to 40 degrees 
Extension and pronation of the left elbow were normal but supination was only 25 degrees 
The shoulders permitted abduction to 90 degrees, while external rotation was found to be 
upproximately 70 per cent of normal The ¢lavicular head of the sternocleidomastoid muscle 
apparently wus absent. The musculature f the cervical spine W is extremely firm to palpation 
ind appeared to bulge prominently in the mid-cervical region The patient could not extend 
the neck bevond the vertical position, and in maximum flexion the chin only came to 
within two inches ol the chest. Lateral bending and rotation of the neck were 25 degrees 
ind 40 degrees to the right and left, respectively. While motion of the lumbar spine was normal 
there was a definite flattening of the dorsal curve, especially when the patient was standing 
In the thoracic spine extension was limited to 50 per cent, lateral motion to 75 per cent, and 


rotation to 25 per cent of the normal. Surgical sears due to the Achilles-tendon lengthening 
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were present bilaterally. The gastrocnemius muscles were small when compared to the pa- 


tient’s over-all muscular development. Slight limitation of motion of the toes and marked re- 


striction of motion of subtalar joints were apparent 
Roentgenograms of the skeleton exhibited the following: enlargement of the thoracic 
vertebral bodies in their anteroposterior diameters and a striking increase in the vertical height 


of the cervical vertebrae posteriorly which was associated with a reversal of the normal cervical 
lordosis (Fig. ‘ The hands showed unusually short and broad metacarpals and phalanges 

Fig. 3); the phalanges were more bulbous than the normal: the distal ends of the radil were 
somewhat overdeveloped. The changes in the bones of the feet were similar to those in the 
hands. Hallux valgus was present bilaterally. A peculiar wavy periosteal new-bone formation 
xr tuberous sclerosis to the roentgenologist 


ng 


was present along the metatarsal shafts suggesti 

The skull exhibited several abnormal features; the occipital bone appeared to be small with 
gre exaggerated ridges which involved only the external table; the sella turcica appeared 
wed posteriorly in the skull, possibly a consequence ol the decreased size of the 


sella itself was small and difficult to outline because of the relative increase in 


unusually short 


size of the anteri ul postenor clinoid processes ! © paranasal sinuses, with 


the exception of t henoid, were oluminous (Fig 4) vie were enlarged and 
the nght eleventl fy Was MASSIVE \ lumbar scoliosis, convexity on the left with the apex 
of the curve at the third and fourt] lumbar vertebrae, was noted 
Microscopic examination of the dorsal skin from the left hand revealed marked fibrosis 
he cortum, with widespread hyalinization (Fig. 5). A minimal perivascular inflammatory 
ive t ippeared to be constricting some of the 


infiltrate was visualized. The dense connes 
sweat gland elements. The findings appeared t consistent with those of an early form of 
scleroderma. Microscopic study of a subeutaneous nodule from the right index finger. re- 
vealed evidence of a foreign-bodyv reaction (iron stain was positive) 

Biochemical and laboratory findings were as follows: serum calcium. 10.4 milligrams per 
100 cubic centimeters; alkaline phosphatase, 2.7 King-Armstrong units: blood non-protein 


nitrogen, 32 milligrams per 100 cubie centimeters; total cholesterol. 183 milligrams per 100 
eubic centimeters (75 per cent esters); fasting blood sugar, 74 milligrams per 100 cubic centi- 


meters; serum inorganic phosphorus, 3.4 milligrams per 100 cubic centimeters; serum bili- 
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rubin, 0.9 milligram per 100 cubic centimeters (one minute direct 0.1 milligram per 100 
cubie centimeters); cephalin flocculation, 0 (twenty-four hours) to +++ (forty-eight 
hours); gamma globulin, 130 units; thymol turbidity, 2-3 units; hemoglobin, 156 grams; 
white blood cell count, 5,200 with 52 per cent) polymorphonuclear neutrophils, 9 per cent 
monocytes, 23 per cent lymphocytes, 5 per cent eosinophils, and 10 per cent basophils; 
platelet count, normal; basal metabolic rate, 8; serum electrophoresis, normal (free moving 
boundary). Electrocardiogram was normal as were roentgenograms of the gastro-intestinal 
tract 

I1I-2. The propositus was born in August 1916. She had first become acutely aware of 
her joint deformities when she was in high school. In retrospect, however, she recalled that 
she had been sandicapped for many years, particularly in comparing her activities with those 
of her schoolmates. The patient was intelligent and was capable of excellent detailed paintings 
despite her joint immobilities. The fingers of both hands were markedly deformed with flexion 
deformities, thickening and shortening of the phalanges, enlargement of the interphalangeal 
joints and marked limitation of motilitv. The thumbs were broad, thick, and short. The feet 
were broad, short, and exhibited pes cavus. There were flexion deformities of all the toes with 


lia. 4 


Roentgenog! skull. The paranasal sinuses are 


voluminous 


limitation of motion. The range of motion of the elbows, knees hips and shoulders was also 
decreased, while in the neck tation and flexion were conspicuously limited 


Roe ntgenograms of the skeleton showed the following abnormalities. In the hands there 


was massive thickening of the metacarpals and phalanges. The trabecular pattern of the latter 
was prominent. The metatarsals and phalanges of both feet were also massive, particularly the 
metatarsal heads which were large, with a prominent trabecular pattern. The cervical and 
thoracic spine also showed the accentuated trabecular pattern seen in the bones of the ex- 
tremities. The vertebral bodies and spinous processes were enlarged, as if due to appositional 
new-bone growth, particularly in the thoracic and cervical regions. These changes produced 
in increase in the interoposterior diameter of the thoracic vertebral bodies. The sella turcica 
was normal in appearance. The changes observed in the spine and extremities were similar to 
those seen in acromegaly 

The Kahn test was negative; serum electrophoresis (free moving boundary) was normal 


except for i low a globulin 
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III-3. This pleasant, tall, well proportioned man of twenty-seven years had many of the 
distinguishing features of the syndrome which had been present since birth but had gradually 
increased in severity over the years. There was a conspicuous right convergent strabismus 
of at least 20 degrees (Priestlyv-Smith) but the extra-ocular movements were normal and the 
ocular ductions concomitant. The palpebral fissures presented a mild Mongoloid slant and 
blepharophimosis. The skin of the face and eyelids was tense and firm. The hands and feet 
were short, square, and broad. The thumbs and great toes were enlarged and = incurved 
There were flexion deformities of the toes and fingers, the latter being more affected. The 
motions of the neck, shoulders, hips, elbows, and knees were limited. The skin of the face 
ind extremities was tense and thickened 

Roentgenograms of the skeleton revealed various abnormalities. There was an incomplete 
segmentation of the second and third cervical vertebrae, particularly in the region of the 
neural arches, and an increase in the vertical height of the posterior neural arches of all the 


Fic 5 
Biopsy specimen of the skin (hematoxvlin and eosin, 


high power) demonstrating hyaline changes, fibrosis, and 
dense islands of connective tissue in the dermis 


ervical vertebrae. In the hands and feet, there was shortening and broadening of the meta- 


carpals, metatarsals, and phalanges, resembling that observed in the other affected mem- 
bers of the family. Minimal bilateral hallux valgus and slight caleaneal spurring were also 
noted 

Biochemical and laboratory findings were as follows: serum calcium, 9.4 milligrams pet 
100 cubic centimeters; alkaline phosphatase, 7.8 King-Armstrong units; total cholesterol, 91 
milligrams per 100 cubic centimeters; blood non-protein nitrogen, 53.0 milligrams per 100 cubic 


centimeters, 
The Kahn test was negative, and serum electrophoresis (free moving boundary) was 


normal 


IV-1. This boy was born in February 1941 with pes varus on the right which had 
responded satisfactorily to conservative treatment but still necessitated the wearing of cor- 
rective shoes. When last examined pes cavus was present bilaterally. An alternating conver- 
gent strabismus had been treated surgically with only moderate cosmetic improvement. No 
signs suggestive of Léri’s pleonosteosis could be demonstrated by physical examination, 
roentgenographic studies, or serological tests. The patient was considered normal for the trait 
ilthough he may represent a forme fruste in light of the changes in the lower extremities 


THE JOURNAL OF BONE AND JOINT SURGERY 





LERI'S PLEONOSTEOSIS 403 


The Kahn test was negative, and serum electrophoresis (free moving boundary) was 
normal. 


IV-2. This eight-vear-old boy had been recognized by his mother as being affected at 
birth. The similarity of his short fingers and toes to her own had been only 
At. the time of examination the child was short for his age. His gait, like that of his mother, 
was shuffling, and the length of the stride was short. The mobility of the neck, shoulders. 
elbows, hips, and knees was limited and the hands could not be raised above the head. The 
skin of the face and the extremities was thick and tense. The facies exhibited 
Mongoloid slant to the palpebral fissures, which were narrower than normal. 

Roentgenograms of the skeleton showed changes similar to those in the other affected 
members of the family. There were, however, no changes in the cervical spine despite the 
clinical lack of motion. The bones of the hands were relatively short and broad and the 
general configuration of the bones of the extremities was characteristic of this condition. 

The Kahn test was negative, and serum electrophoresis (free moving boundary) 
normal except for an abnormal split a, globulin fraction, 


too apparent 


a“ shght 


Wis 














Photograph of III-2 illustrating slight Mongoloid slant- 
ing of palpe bral fissures 


REVIEW OF THE LITERATURE 

Since Léri * 1?!" '* first called attention to the syndrome which now bears his 
name, approximately twenty-eight cases }7-44.9-6.6.5.1515,16.1718,20 have appeared in 
the available literature. Not all cases reported, however, appear to justify their in- 
clusion in the deseription of this syndrome. Most frequently misdiagnosed as 
Léri’s pleonosteosis are: Pfaundler-Hurler syndrome (both recessive and sex- 
linked recessive varieties), Morquio’s disease, and congenital syphilis. From the 
viewpoint of the roentgenologist, as indicated in the family reported here, certain 
isolated changes might even suggest acromegaly or tuberous sclerosis 

In the twenty-eight reported cases, the sex incidence is twelve female and 
sixteen male. The ages, at the time of diagnosis, ranged from twenty-one days to 
fifty-three years. Partial or incomplete expressions of this pleiotropie gene (bone 


deformities, digital changes, facial asymmetry, and limitations of joint motility) 


were described among siblings, immediate or distant progenitors of individuals 
exhibiting the complete syndrome 1:7-34.5.6.13.18,20° A negative maternal or paternal 
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Photographic pedigree of hand alterations 
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Pedigree of kindred 1806 (see text) 


history was noted in seven reports *8:15.16.17,20, 

In Léri’s family ', the osseous abnormality was present in a father, a son by 
his first wife, and a daughter by a second wife (both spouses were apparently 
normal). The father was of short stature (sixty-two inehes) with a thick neck 
and forward projecting head. He presented symmetrical anomalies of the uppe. 
extremities, flexed elbows, pronated forearms, and marked limitation of motion of 
the wrists. The hands were short and the fingers thickened. Flexion deformities 
of the proximal interphalangeal joints of the fingers were conspicuous. The thumbs 
were broad and deformed. Hajiow palms and an accentuation of the skin creases 
between the thickened palmar dads were described. Genu recurvatum and thick- 
ened toes comprised the lower extremity changes. Limitation of joint motion was 
conspicuous and neariy universal. Early in life the children exhibited changes 
resembling, in miniature, those of their father. 

Broad, deformed thumbs and great toes, flexion contractures of the fingers, 
thick stiff toes, limited joint motion, short stature, and Mongoloid facies thus 
characterized the original deseription of the disease. The probable accuracy of the 
diagnosis is somewhat clouded in the following eases: 

1. That of LaRoche and Barthes: a four-year-old boy with a syphilitic 
mother. Many of the findings suggest congenital syphilis. 

2. That of Apert: a six-year-old boy with skeletal changes suggestive of the 
sex-linked Pfaundler-Hurler syndrome 

3. Those of Hallé and Apert: three members of one family with mental de- 
ficiency, deafness, cachexia, and early death 

4. That of Feiguine and Tikhodéeff: a fourteen-year-old boy with dolicho- 
cephaly, arachnodactyly, and Mongoloid facies. 

5. That of Rocher and Roudil: a male infant, twenty-six days old, with 
findings characteristic of Plaundler-Hurler syndrome. 

6. Those of Grebe: two brothers, nine and eleven years old, with features 
suggestive of Pfaundler-Hurler syndrome. 

7. Those of Gareiso, Vijnovsky, and Pellerano: two brothers with features 
suggestive of Pfaundler-Hurler syndrome. 
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8. Those of Rocher: two siblings (a girl eight years old and a boy six years 
old) with findings suggestive of Pfaundler-Hurler syndrome. 

9. Those of Materna: features in two brothers, aged thirty-nine and forty- 
two vears, compatible with Pfaundler-Hurler syndrome. 

The laboratory findings, mentioned in the literature, were meager or non- 
contributory. Incomplete electrolyte studies were within normal limits in one case * 
in which a profound leukopenia was deseribed. A positive Bordet-Wassermann 


reaction was noted in the mother and the patient. The mother of the twenty-six- 
day infant also had a positive reaction for syphilis. Biopsy examination of skin 


or connective tissue was described in two cases '*°, The microscopic examination 
of a skin section in Apert’s case demonstrated a normal cellular architecture but 
with a myxoedematous infiltrate. Watson-Jones summarized the histopathological 
changes found in the anterior carpal ligaments and in a plantar digital neuroma 
removed at surgery. In the former a marked increase in collagenous tissue was 
observed, a large proportion of which was actually fibrocartilage. A good deal of 
mucinous material was present, which was located in relation to cells and in 
linear deposits between collagen fibers. There was a conspicuous absence of elastic 
fibers Atrophy and fibrosis of the muscle tissue attached to the biopsy specimen 
was seen. No vascular abnormalities were observed. The small nerves included in 
the seetion showed an early mucinous change and an increase of fibrous tissue in 
the endoneurium. In the plantar digital neuroma the constituent nerve bundles 
were separated by collagenous tissue which contained fibroblasts and small vessels. 
There was no conspicuous inflammatory infiltration, but tissue mast cells were 
scattered throughout the collagenous tissue. Several of the nerve bundles were 
swollen as a result of the presence OL mucin, The pathological changes in the 
neuroma were concluded to be consistent with those seen in Volkmann’s contracture 


COMMENT 


Léri considered the pathological basis of pleonosteosis to be premature and 
excessive Ossification associated with epiphyseal enlargement ''. There is in gen- 
eral very little evidence to support Léri’s concept of the pathogenesis. Watson- 
Jones, impressed with the striking changes in the carpal ligaments in his patient, 
postulated that the primary cause might be in the joint ligaments and that the 
bone thickening was secondary to periosteal traction at the metaphyseal attach- 
ments. Coechi '*® considered the syndrome to represent a disturbance of the carti- 
laginous segments of the skeleton and classified it among the “polytopie endo- 
chondral dysostoses” (Morquio and Pfaundler-Hurler). It is apparent that much 
more information from biopsy and particularly necropsy studies must be accumu- 
lated before any clear-cut conclusion can be reached as to the pathog ‘nesis of 
the syndrome 

The hereditary transmission of the gene responsible for Léri’s pleonosteosis 
appears to be autosomal dominant, exhibiting fairly good penetrance and consid- 
erable variation in expressivity. Grebe and Weisswanger and Materna suggested 
a recessive mode of inheritance, but there is some doubt as to the validity of their 
conclusions. The accuracy of the diagnosis, particularly in Materna’s case, is open 
to question on several counts. Coechi ' emphatically concluded that Léri’s pleon- 
osteosis is due to a deminant autosomal gene. Our incomplete survey of one 
family would support, at least superficially, the possibility of a dominant gene 
action 

The constant and essential features of Léri’s pleonosteosis appear to be: 
broadening and deformity of the thumbs and great toes, flexion contractures of 
nterphalangeal joints, limitation of motion of single or multiple joints, including 
he spine, short stature (considerable varianee—Cases III-1 and ITI-3), and Mon- 
goloid facies (great variance). Confusion seemingly has existed in differentiating 
between Léri’s pleonosteosis and Morquio’s disease or Pfaundler-Hurler syndrome 
(recessive autosomal with corneal opacity and sex-linked recessive form without 
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corneal opalescence) or congenital syphilis. Léri’s pleonosteosis varies consider- 
ably in expressivity, as is true of most gene determined syndromes between af- 
fected individuals and between particular families. Since the gene responsible for 
Léri’s disease exerts its action in a different gene milieu in each affeeted person, 
one would expect such variability as does ‘exist. In facet, rarely will the physician 
find all of the so-called characteristic features present in one affeeted individuai, 
it being necessary usually to study the entire family to ascertain the true range 
of the symptom complex. The characteristic Monogoloid facies, for example, is by 
no means a constant feature of the syndrome and even when present varies greatly 
in degree between the affected members of the same family. The ophthalmologi- 
cal findings of narrowed slitlike palpebral fissures, occasionally exhibiting an asso- 
ciated Mongoloid slanting, present in our patients and in others mentioned in the 
literature, may very well represent another of the pleiotropic features of the 
syndrome. Strabismus apparently occurs in a heightened incidence in individuals 
exhibiting the disease but further study is necessary before one can accept strabis- 
mus as a true feature of the syndrome. Opalescent or cloudy cornea and umbilical 
herniae are most certainly features characteristic of the Pfaundler-Hurler syn- 
drome. Certain dermatological changes, heretofore not seriously considered as 4 
part of the Léri syndrome, appear to be significant; these inelude separation of 
the palmar creases, thickened skin, scleroderma-like changes, and possibly dis- 
turbances of body hair. Osseous and musculoskeletal changes such as short hands, 
voluminous musculature, short limbs, rotational and contractural abnormalities 
of the extremities associated with joint enlargement may also properly complete 
this aspeet of the syndrome. Roentgenographie findings, meager descriptions of 
which are found in only a few of the standard reference texts, may suggest the 
diagnosis of pleonosteosis but certainly are not specifically diagnostic. Over- 
growth of the cartilaginous skeleton is manifested in an increase in the width 
rather than the length of the individual bones. This feature is accentuated by 
the shortness of stature, occasionally encountered in these patients, giving the 


skeletal parts an appearance of massiveness and great strength. As in acromegaly 


the bones of the hands, feet, and vertebral column reflect the osseous overgrowtl 
particularly well; it is this distribution of pleonosteosis rather than the appear- 
ance of individual extremities and vertebrae which may give rise to confusion in 
the differential diagnosis. In the family represented in this report, the most striking 
osseous abnormality is the bizarre enlargement of the posterior neural arches of 
the cervical vertebrae. Whether this proves to be of diagnostic significance de- 
pends on the consistency with which it is found in the study of additional families 
with pleonosteosis. It unquestionably represents overgrowth of bone and, in our 
experience, is a unique roentgenographice sign. Scalloped periosteal thickening of 
the metatarsus, a rather consistent finding in tuberous sclerosis, was observed 
in one patient. It is also observed occasionally in healthy individuals and is, there- 
fore, thought to be of no diagnostic significance. Although the Pfaundler-Hurler 
syndrome has been cited as an important consideration in the differential diagnosis 
of pleonosteosis, it is our opinion that the roentgenographie signs of gargolyisn 
are so clear-cut that difficulty would arise only in the extremely atypical case 
MeKusick included Léri’s pleonosteosis among generalized and hereditary dis- 
orders of the connective-tissue system. The microscopic findings in Watson-Jones’ 
case support this hypothesis. The findings presented by the affected members in 
the family reported in this article further stress the generalized and systemic 


character of Léri’s syndrome 


SUMMARY 
A study of a family in which features of a systemic disease were exhibited 
consistent with the diagnosis of Léri’s pleonosteosis has been presented. It is be- 
lieved to be the first North American family to be reported. The findings are 
those of a widespread constitutional disease which involves chiefly the connective- 
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tissue system. The syndrome appears to be the consequence of a gene exhibiting 


an autosomal dominant mode of transmission. The gene presents good penetrance 


and a considerable variance in its range of expressivity. Certain ophthalmological, 


cutaneous, Osseous, and roentgenographic findings present in the reported family 


and mentioned in the literature are considered as possibly being additional ex- 


pressions of this pleiotropic syndrome. More necropsy material is needed with 
which to understand this important syndrome better. 


l 
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Bone-Graft Operations to Lengthen the Humerus 


in Short Arm Amputation Stumps 


2EPORT OF THE RESULTS IN Two BILATERAL ABOVE-THE-ELBOW AMPUTEES * 


BY MARSHALL R. URIST, M.D., AND ROBERT MAZET, JR., M.D., 
LOS ANGELES, CALIFORNIA 


From the Division of Orthopaedics, De partment of Surgery, l niversily of California, 
and Wadsworth Hospital, United State Veterans Administration Center, Los Ange les 


Bone-grafting to extend the length of the humerus in an amputation stump 
has been often contemplated, seldom indicated or attempted, and rarely if ever 
before described in the literature. This type of surgical operation and the process 
of repair will be described in two patients with bilateral amputation of the upper 
extremities. One had a right shoulder disarticulation and the other had a right 
arm stump that did not tolerate a prosthesis for more than an hour without con- 
siderable discomfort. Their left stumps were too short for any appreciable 
function. The object of surgical treatment was to produce useful left arm stumps. 


Case 1. A voung woman, twenty-four vears of age, a graduate dentist, had both arms 
burned off just below the shoulder by high-voltage electricity. The tragedy occurred when 
she was pushing a small sailboat through the shallow water in a marina. The mast struck 
i live wire and brought it down across her outstretched arms. Two short, unsatisfactory 
stumps were all that remained of her upper extremities. She was completely dependent 
upon her husband for care and feeding. Over a period of ten years, she became the mother 
of two children. To try to increase her usefulness to her family, she registered in the Upper 
Extremity Prosthesis Case Study Group at the University of California in Los Angeles. She 
was fitted with an artificial limb for the right arm. She was intelligent and dextrous, and 
she mastered the use of this prosthesis better than most. An attempt was made to fit the 
left arm also; this failed because the stump was too short to produce any useful function 


P) ystical Kraminatiwn 


The patient was an unusually intelligent, normally developed woman who was well 
idjusted to her handicap. The only abnormality was in the loss of her arms 

Right arm fump The ight irm was amputated at i ile vel twe lve centimeters distal 
to the glenohumeral joint line. The » was atrophied, and there was a large sagging 
mass of fattv, soft tissue and skin hanging from the distal end. The skin on the inner side 
of the mass was inflamed ind oedematous due to friction ind pressure trom the socket of 
her prost he SIs The scar Was stellate in shape ind conti iucted over the very center of the 


bone end. Between the end of the bone and the scar, the soft) parts were tender and con- 
tained what was presumed to be a neuroma of the median nerve. There was also a deeper 
area of tenderness and an immovy ible mass of hard tissue at the medial margin of the bone 
end 

Left arm stump: The left arm had been amputated approximately six centimeters from 
the glenohumeral joint line, at the level of the surgical neck of the humerus. The superior 
and posterior portions Ol the greater tuberosity, including the tendinous attachments of the 
supraspinatus, infraspinatus, and teres minor muscles, were intact and functional. The patient 
was able to revolve the head of the humerus freely on all sides imside. the glenoid fossa 
The soft parts, comprising the outer envelope of large muscles of the shoulde r. appeared 
to be atrophied, nonfunctional, ind consisted chiefly of the proximal portion of the belly 
of the deltoid. A mass of skin, fat, areolar tissue, fibrous tissue, and scar hung down, two to 
three inches below the end of the bone. These tissues appeared to be stretched by the effects 
of gravity; they were an obstacle to the fitting of a socket for an artificial limb. The sear 


* These investigations were aided in part. by grants from the Josiah Macy, Jr. Foundation, 
the Averst Laboratories, Inc., the Lee S. Mytinger Foundation, and the Easter Seal Foundation 
for Crippled Children and Adults 
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Fic. 1-B 


hig 
surg il neck of the 

Fig. 1-B: Roentgenogram made following bone-graft operation in which an autogenous graft 
consisting of the upper end of the fibula was implanted inside the humeral head and an 
envelope of the soft parts hanging from the shoulde: 


1-A: Case Roentgenogram showing amputation stump with the bone line across the 
hit 


time rus 


was contracted over the end of the stump 
and extended upward across the anterior 
ispect of the axilla (Figs. 1-A through 1-G) 
Labo aqtory studtres The blood evtology 
ind chemistry and the urinalysis showed 
values within the limits of normal 
Preoperative ocentgenographi examina- 
The right arm stump of the humerus 
showed a small bone spur over the medial 
side of the bone end. The left arm stump 
showed normal bone structure and a trans- 
verse bone line across the area between 
greater and lesser tuberosities of the hu- 


merus 


PREATMENT 


On September 10, 1954, the neu- 
Ii 1-C roma and bone spur were removed and 
Roentgenogram made following excision of — the old scar was excised from the right 
the distal end of the graft. After two vears, the stump. On September 18, 1954, a sur- 
irea of increased radiodensitv outside he hu- 
merus, indicated by the length of the arrow 
may demarcate the segment of the graft under- to produce functional lengthening of 
roing r¢ ement bv ne bone. Bevond this . 
going rephwen Pigg the left humerus and thereby improve 
point, the substance of the donor tissue appears ; ‘ : 
to be undergoing absorption the capacity ol the stump to activate 
an artificial arm. 


vical procedure was devised to attempt 


The stump ol the left arm: was exposed after excision of the scar tissue on 
the anterior aspect Ol the axilla and shoulder. The deep extensions of the cieatrix 
were excised and the bone end was freed of all soft tissue by means of sharp 
dissection. This produced an open sac hanging from the shoulder joint with walls 
consisting of skin, subcutaneous fat, fibrous tissue, and atrophied muscle. 

While the procedure was being completed, an assistant excised the proximal 
ten centimeters of the fibula. The articular cartilage and ligaments were excised 
from the head of the fibula with the use of osteotomes and a small ronguer. The 
bone was reshaped with a raspatory until it was nearly cylindrical at the distal 
end 

A channel was made in the center of the head of the left humerus with the 
aid of a three-eighths of an inch drill. The graft was inserted into the canal with 
the proximal end (head of the fibula) extending distalward and filling the bag 
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Fic. 1-D 
Photomicrograph of the bursa excised from the soft parts over the end of 
the graft six to seven months after the original operation. The bursa was 
lined with fibrinoid material and filled with mucinous fluid 
of the soft parts suspended from the left shoulder. The wound was closed in 
layers with black silk sutures 
The patient was fitted with a left arm prosthesis two months after the opera- 
tion but the stump beeame painful after a few minutes of use. Four months after 
the operation, an uleer developed in an adherent area of skin on the end of the 
stump. A longer period of healing before appheation of a prosthesis might or 
might not have avoided this complication 


First Revision Operation and Biopsy Observations 


Revision of the stulnps was performed five months postoperatively to repair 
the skin and to remove enough of the graft to allow the soft parts to move more 
freely over the bone end. The healed sear and the uleerated area of the skin 
were excised by means of a fishmouth incision over the end of the stump. One 
centimeter of bone was removed from the end of the graft along with a bursa 
filled with mucinous fluid. Microscopically, the lining of the bursa consisted of 
mesothelium and fibrinoid similar to that observed in the center of the eallus 
of an unlimited fracture 7. There was granulation tissue inside the old marrow 
cavity of the graft; this bled as profusely as the surrounding soft parts 

Removal of the bone and soft parts reduced the graft from ten to nine ecenti- 
meters and recessed the bone line from a subcutaneous position to a place proxi- 
mal to the deep fascia of the upper arm. The wound was closed loosely in a single 
layer with black silk suture. The stump drained seropurulent material and healed 
slowly. After six weeks, the patient again began to use an artificial limb, but 
the stump Was red, swollen, tender, and. still quite painful. 


Peli cond Re Pision 


Seven months after the operation, a second revision of the stump Was neces- 


sary in order to relieve pain and to excise more necrotic bone. The healed scar 


Was excised, and the end of the stump Was found to be covered with a lass of 
inflammatory connective tissue. The obviously necrotic tissues were excised and 
the length of the graft was reduced from nine to approximately eight centimeters. 
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Artist’s drawing showing the topographical relationship between 
bone and soft parts around the end of the stump, as we ll as the 
position of an autogenous graft of the fibula after excision of the 
head of the fibula 


This recessed the bone line of the stump to a position beneath the muscle line, 
especially beneath the remnant of the belly of the deltoid. The wound was closed 
loosely in a single layer with black silk suture. The stump drained serosanguinous 
fluid for ten days and eventually healed and became perfectly padded with soft 
parts, that were freely movable and non-painful, over the end of the graft. The 
length of the graft protruding from the neck of the humerus was estimated to be 
five centimeters and the length inside the neck, three centimeters. 


Microscopic observations: The fragment of bone that was removed from the 
end of the graft after the second revision, six months after the original operation, 
contained both viable and non-viable connective-tissue cells, but for the most part 
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Fig. 1-F: Photograph of the patient showing the reconstructed stump eighteen months after 
the original operation and after it was used to activate a prosthesis 
Fig. 1-G: Photograph showing the type of prosthesis prescribed for this woman 


the osseous tissue contained pyknotic osteocytes or empty lacunae. The bone tissue 


appeared to be undergoing resorption inside an envelope of fibrous tissue contain- 


ing many foreign-body giant cells. There were no large cells residing in lacunae 
that could be recognized “ais osteoclasts 

Postope rative roentqe nographic eramination; One year alter the second re- 
vision, and approximately eighteen months after the initial procedure, the distal 
end of the bone graft appeared smooth on the lateral edge and sharpened on the 
medial eda There was no outgrowth of new bone on the periosteal side at the 


point of attachment to the head of the humerus, 


End-Result 

The patient Was not px rmitted to wear a prosthesis for her left arm until six 
months after the last revision, and she was urged to use it cautiously for an addi- 
tional three months. On April 25, 1956, approximately one and one-half years after 
the graft was implante d, she demonstrated pain ss function of an arm stump that 
had previously been useless. On May 1, 1958, three and one-half years postopera- 
tively, she was still learning ways to increase the use of the reconstructed left 
stump Her right stump Was, olf course, more efieient and she wore her left 
prosthesis only when she was not wearing the right prosthi sis. The harne ssing of the 
shoulder girdles for the prosthi ses restricted the patient so she could not use the 
full length of the cable and hence, she could not use both arms at the same time. 
She felt that the bone graft improved the left arn stump to the extent that she 
could rely on it whenever the skin of the right arm stump was irritated from 
overuse. The patient was able to feed herself with a “spork”, use many different 
kinds of household applhances, drive an automobile, clean house, and cook for 
her family. 

Case 2. A retired railroad switchman, sixty-five vears of age, lost. both arms when he 
was run over by a box car in 1941. He was afflicted with chronic alcoholism before and afte 
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skin prevented him from wearing any kind of prosthesis on the left stump for more than 
one hour (Figs. 2-A, 2-B, and 2-C) 


Roentgenographic examination: The bone graft showed maximum radiodens- 
ity over a distance of two centimeters inside the end of the humerus and one 
centimeter outside the humerus. Distal to this point, the graft was less dense than 
normal bone, possibly due to disuse atrophy or resorption. There was a spur of 
new bone on the lateral aspect of the stump of the humerus, presumably unrelated 
to the substance of the bone graft 

End result: The patient’s inadequate personality made it difficult to rehabili- 
tate him and in retrospect he was a poor candidate for this reconstructive surgical 
operation. The result observed fourteen years after the procedure was graded 
good from the anatomical standpoint, poor from the economic standpoint (although 
the patient sporadically did carry trays in a bar room for brief periods with the 
aid of his artificial limb), and poor from the functional standpoint because he re- 
fused to wear a left arm prosthesis and had phantom pain in the stump. 


DISCUSSION 


According to Kessler, the procedure deseribed in this communication has been 
attempted in the past in a number of unreported cases but found unsatisfactory 
so that revision operations were necessary '. The reasons for such experience must 
be examined in detail and recorded. 

A bone transplant was no substitute for viable bone and could not assume the 
mechanical function of hard tissue in an amputation stump except temporarily and 
to a limited extent. A fresh autogenous-bone graft with one end embedded in 
osseous tissue and one end surrounded by soft parts showed two different responses 
of the host. One response was seen as increased radiodensity of the graft enclosed 
in the stump of the humerus. Another response was seen as decreased radiodensity 
in the portion of the graft extending out into the soft parts. In Case 1, the host 
bone was so close to the joint line that it had no periosteal covering, but in Case 
2, there was periosteum and an osteogenetic reaction was produced on the peri- 
osteal surface of the host bone. The portion of the graft extending into soft parts 
showed no spurs or new-bone formation on the external surfaces. In Case 1, how- 
ever, there was a spot of amorphous caleifieation on the tip of the medial edge 
of the graft presumably inside the bursa that formed over the bone end. The 
soft parts showed three successive reactions in the three parts ol the stump 

Skin line: The end of the graft was allowed to protrude into the subcutaneous 
space in the initial procedure in the cases described in this report. This proved to 
be incompatible with function and produced pain, swelling, oedema, and inflam- 
mation in both cases, and was followed by ulceration and infection of the wound 
in Case 2 While this position Ol the bone end may be pe rmissible in stumps with 
viable host-bone tissue, 1t was not tolerated around a relative ly non-viuble bone 
gralt 

Fase ial line: After the first revision Oy ration of Case 1, the end of the bone 
graft was encapsulated in the soft parts or deep fascia. This was no better toler- 
ated than the subcutaneous position, because it did not provide enough soft-tis- 
sue covering. The patient used the prosthesis, but only until an acute bursitis 
developed in the space between the soft parts and the end of the vralt 

Muscle line: After the second revision, when the length of the graft was re- 
duced more than two centimeters (Case 1) and after the bone end was deeply 
buried beneath the remnant of the belly of the deltoid, the stump showed a more 


physiological form and function. The skin and soft parts moved tree ly over and 


around the bone graft, and if a bursa developed, the patient did not have bur- 
sitis, and was able to use the stump painlessly to operate a prosthesis part of the 
time. 

The end result was poor in Case 2, probably because the bone graft was not 
embedded deeply in muscle on all sides. By palpation of the stump it was easy to 
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note that the bone prot ruded into the subeutaneous space or fascial space and 
presumably caused skin irritation. This stump also became too painful to toler- 
ate any kind of an arm prosthesis. It was difficult in Case 1 to resist the desire to 
uplant a length of graft that completely filled the sac of skin hanging from the 
end of the stump. This proved to be unphysiological and doomed to failure. The 
length of graft appears to be limited to that which can be buried in muscle on all 


silt ~ 


(Isle OUENeSIS 


In Case 1, the graft was tubular; in Case 2, the graft was solid cortical bone. 
\lthough autogenous material, there was no evidence to assume that either form 
of tissue survived transplantation. The alteration in the shape of the end of the 
tubular graft suggested that it was absorbed more rapidly than the solid graft. A 
large part of the transplant was not replaced by visible bone even after a long 
period of time Apparently total re placement Is most likely to occur only In trans- 
plants of bone surrounded on all sides by a host bed of living bone of a young 
growing Individual 

The transplants had a free end extending into soft parts. Our observations on 
ununited fractures of the tibia suggested that replacement can occur in a bone end 
at a rate of 0.5 centimeter per year *. If the rate of bone replacement were the same 
in the bone grafts with one free end as in bone grafts in ununited fractures, the 
time required to reconstitute a five-centimeter fibular transplant in this case 
would be ten years! This was measured by serial roentgenographie examinations 
by assuming that the area of the graft with increased radiodensity was the area of 
ippositional-bone formation and that the area of bone tissue with decreased bone 
lensity was the part of the graft undergoing a foreign body, non-osteoclastic 


type of resorption. However, this being purely a roentgenographie change, it gives 


no information about the viability of bone tissue of cither the host or the donor. 


In Case 2, if this interpretation of the roentgenogram is correct, no replacement 
of the graft by the host new bone extended beyond approximately two centimeters 
after as long as fourteen vears It is not unlike ly that the rate of osteogenesis 
subsidies after two years, and that in adult or non-growing individuals, 2.0 centi- 
meters (0.5 centimeter) is the limit that new-bone formation will extend along 


a bone graft placed in the end of an amputation stump 


CONCLUSIONS 


1. Two patients with high above-the-elbow arm amputation stumps, too short 
lor luncetion, had large areas of sott tissue hanving below the bone ends Massive 
wutogenous-bone grafts were implanted to elongate the humerus, produce internal 
rigidity in the end of the stump, and inerease the length of the lever arm that 
could activate a prosthesis 

2. When the graft extended into the subcutaneous space, under moving skin 
and soft parts, it caused persistent inflammation, fibrinoid degeneration, and pain- 
ful bursitis. When the graft was shortened to a position deeply recessed in muscle, 
it was well tolerated and capable of a limited form of function in the use of an 
irtificial limb 
3. The donor tissue was re placed by new bone from tne host along a distance 
ot only approximnats ly one centimeter sJevond this point, on the basis of its roent- 
renographie characteristics, the bone gralt apy ared to remain inert and either 
unre placed or slowly resorbed. 

4. This procedure is of limited value and can be recommended only for un- 
usual stumps having a large muscle mass in which to bury the transplant. 
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The Use of a Bilateral Canadian-Type 
Hip-Disarticulation Prosthesis for Congenital 


Absence of Both Lower Extremities 


‘ASE REPORT 


BY CLINE D. HENSLEY, JR., M.D., WICHITA, KANSAS 


Rehabilitation of the amputee after hip disarticulation has long been de- 
layed by inadequate prosthetic applhances. Until recent improvements, the 
prosthetist’s armamentarium was limited to the tilting table or the saucer socket 
prosthesis Both of these devices required the use of a pelvie belt and manually 
controlled hip lock. It was diffieult or impossible to achieve an acceptable gait 


ANTERIOR VIEW 


SHOWING 3 POINTS OF SUSPENSION 6) 
AND FULL WIDTH OF HIP JOINT 





NORMAL HIP CENTRE 


HIP JOINT 


RUBBER BUMPER 


ELASTIC BAND 


FUNCTIONAL FEATURES OF CANADIAN 
HIP DISARTICULATION PROSTHESIS 


\ line projected through the centers of the hip and knee jomts pa 
osterior to the heel. Modified version of drawing IpPpearimng ON puge 1 
of The Canadian Type Hip Disarticulation Prosthesis by James Foort 
ind C. W. Radcliffe. Prosthetic Devices Research Project, Institute of 
Engineering Research, Series II, Issue 28. Berkeley, The University of 
California, 1956 
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of both lower extremities shown without 


sitting 
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Fic. 6 


Fig. 5: Lateral view of the patient standing wearing the prosthesis. There is forward 


placement of the hip and posterior placement of the knee 


ig. 6: Front view of the prosthesis with the patient standing 


with either of these prostheses, and motions of sitting and standing were hampered 
beeause of the hecesslty to engage and release the hip lock. 

These difficulties are, of course, increased in the case of the amputes with bi- 
lateral hip disarticulation. These factors prevented the successful application of a 
prosthesis to the patient reported here until the advent of the Canadian-type 
hip-disarticulation prosthesis 

The Canadian prosthesis was developed and reported by McLaurin in 1954. 
The Prosthetic Devices Research Project at the University of California in 
Berkeley popularized this prosthesis in the United States. Briefly, the prosthesis 
was designed to stabilize the hip and knee by alignment of the welght-bearing 
line posterior to the prosthetic hip joint and anterior to the knee axis with the 
patient standing (Fig. 1). Foort and Radcliffe gave a detailed account of the 
prosthesis; specific information concerning evolution, construction, and experience 
with the prosthesis is available }:*°-®, Suecessful demonstrations at the University 
of California at Los Angeles prompted the use of the Canadian prosthesis in the 
patient re ported 

K. R.S. was seen in the Amputee Clinie sponsored by the Kansas Crippled Children’s 
Commission in December 1956. The child’s age at that time was four years and nine months 
He had congenital absence of both lower extremities and congenital absence of one finge 
of the right hand. He had excellent control of both upper extremities and good function 


of the right hand in spite of the relatively minor congenital deformity of the hand. Normal 


itlignment and control of the trunk was present. A short, deformed atavistic femur was 
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resent on the left with dislocation of the head out of the acetabulum to a position against 
e upper portion of the ilium (Fig. 2). On the contralateral side no femur was present. 

The child had been fitted elsewhere with a pair of shortened prosthetic appliances de- 
signed to provide balance and some elevation of the trunk from the floor. In September 
1956, these appliances had been lengthened and a foot and ankle assembly had been added 
lhe mother stated that the result was unsatisfactory because the child was unable to maintain 

s balance, and discomfort resulted from contact between the projecting stub of the femum 
ind the prosthesis on that side. The child was unable to stand or walk with the prostheses 
because of discomfort and subsequently they were discarded. 

In January 1957, the construction of the bilateral Canadian-type hip-disarticulation 

osthesis was undertaken by the prosthetist, Mr. F. L. Lake, in cooperation with the author 


tion the so ket Wihs done wecording to the me thod ce scribed by Foort 


t 
deliffe. The | 1 of the prosthe tic limbs was determined by reference to he ight charts 


rmal children, and the ratio of the thigh to the leg was deri, ed by measuring other children 
imputee program The two sides of the socket were connected by a flexible leather 
eriorly and trap and buckle anteriorly. A check socket was used in the 
ng of the prosthesis. The final socket had an initial satisfactorv fit and did not 
tion in nine months of follow-up study. The actual construction of the prosthesis 
some months while an effort was made to learn of any previous experiences 
Canadian-type hip-disarticulation prosthesis for bilateral amputees 
eptember 1957, the prosthesis was delivered and training of the child in the use 
ppliance began. Out-patient training was conducted in the Physical Therapy Depart- 
Joseph Hospital, Wichita. Originally, the training periods were daily: within 
nonth they were reduced to three times a week; and after two months thev were discon- 
The child was taught to walk with Canadian crutches which could be easilv dise ngaged 

e event he fell. He was also instructed to use a walker. 

In December 1957, the child went to school for the first time and was able to attend 
na half-day basis for the remainder of the school vear. At the time of writing, he wore the 
rosthesis for three-hour intervals for a total of six to eight hours during each dav. Hi 
walked with a four-point gait with crutches or a walker. He accomplished this by lifting 
he trunk shghtly with the hands and by combination of flexion and internal rotation 
inl gait. His gait was cosmetically acceptable, but 
The child could also walk well with a swing-through gait using the walker. He was 
walk approximately one-half block with crutches, but he exerted more effort. than 


pelvis to initiate the swing phase of 


cessary with the walker. He could walk approximately one block with the walker 
quiring rest. He was unable to climb stairs or step off curbs, and did not. play actively 
osthesis 

of the prosthetic appliance, the child was able to put 
them throughout the morning. He rested without the 
ng a period in the afternoon. The prosthesis was again fitted 
vening meal. The child’s mother stated that he was becoming 
the prosthesis, and it is the opinion of the prosthetic team 
ve appeared thus far in the relativelv short follow-up period 
ed of pain and has had no evidence of skin irritation at the point 
osthesis and the stump. No shoulder harness or other harness 
d. He was able to sit in a balanced position and, without assistance 
tanding position. He was also able to stand up in the walker from 
issistance The child was also able to stand alone ind balances 
ith crutches. In school, he has been able stand up from 

ten chair by holding on to a table or other object 


basic design of the prosthesis is that deseribed by Foort and Radeliffe 
with modifications required because of the presence of bilateral deformity. Al- 
though the follow-up time has been short, the use of this device has, in my 
opinion, enabled this child to attain a degree of independence which has previously 
been Impossibl It is « Xj ected that the present socket will require revision within 
the year because of growth of the child. The construction and fitting of the 
prosthesis did not entail as many difficulties as were anticipated. In gait-training, 
an effort was made to encourage the child in the use of a four-point gait with 
the walker 


» Mr. F. L. Lake, C.P.O., of the Hanger Artificial Limb 

ind fabrication of the prosthesis used in this instance, Sug- 

gestions fror re $1 prosthetics mstructor at the University of California at Los 

\ngeles, wei lso utilized in the final design of the prosthesis. Training was supervised by 
Miss Naomi Wesson, Physical Therapy Department, St. Joseph Hospital, Wichita. 
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Femoral Torsion and Its Relation to 


Toeing-in and Toeing-out* 


BY LAWRENCE CRANE, M.D., PORTLAND, MAIN} 


Toeing-in and toeing-out Wlay caused by changes at any level of the 
lower extremities. Conditions in the feet which cause these abnormalities are 
quite clearly understood. Caleaneovalgus deformity often causes toeing-out and 
equinovarus and metatarsus varus deformities cause toeing-1in. Bow legs are com- 
monly associated with toeing-in, while knock-knees, usually, although not neces- 
sarily, are associated with toeing-out. Musele imbalance with paralysis of the 
internal rotators of the lip following poliomyelitis will usually cause toeing-out 
and in spastie paralysis with overactivity of the internal rotators, toeing-in results 
Tibal torsion, likewise, is a well understood entity although accurate measure- 
ment is clinically, at times, rather difficult. This subject was well investigated by 
Nachlas in 1934 and more recently by Hutter and Seott. Kite, Howorth, and 
Knight have shown that Hany abnormal gaits result from a combination of 
lactors 

During the past eight vears a series of seventy-two children have been studied 
whose lower extremities have twisted either inward or outward in the presence Ol 
relatively normal feet and tibiae. The most significant finding on physical ex- 
amination Was a definite difference in the degree of internal and external rotation 
of the hips Through roentgenographic study these children have been found to 
have abnormal femoral torsion 

fead at the Annual Meeting of The American Academy of Orthopaedic Surgeo 
York, N. Y., February 6, 1958 
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DEFINITION 
Since torsion or anteversion of the femoral neck is not always well under- 
stood, som explanation Is appropriate The angle of inclination of the femoral 


l 


neck is the angle formed by the intersection of the shaft axis with a line through 
the femoral neck or the neck axis. The transcondylar axis, a horizontal or trans- 
verse line through the femoral condyles, and the femoral-shaft axis define a plane 
called the transcondylar plane. If one looks up the shaft of the femur from the 
knee, one sees the angle of anteversion. It is the angle made by the intersection 
transcondylar plane and the neck axis. Stated another way, this angle is 
a measure of the twist of the shaft of the femur which directs the head and neck 
forward in relation to the plane of the femoral condyles. If the head and neck 
are directed backward with reference to this plane it is called retroversion. 


PROBLEM 

The angle of anteversion has been determined accurate ly in adult specimens 
by various authors who have determined averages which, depending upon the 
author, have ranged between 8 and 15 degrees 4°:%1415.1% Because of the paucity 
of femora available for study in infants and children, the amount of femoral tor- 
sion In these groups Is not known. Several methods of measuring this angle roent- 
genographically have been described *:!*!6 Two of them require a frame which 
holds the thigh in 90 degrees of flexion and a known degree of abduction. The 
x-ray tube is placed thirty-six inches above the pubie symphysis and the cas- 
sette under the pelvis. The baseline of the roentgenogram is used to represent 
the transcondylar plane; if a line running parallel to this is drawn in the region 
of the femoral shaft, its intersection with the neck axis will give us the projected 
angle of anteversion. A second roentgenogram must be made to obtain the true 
angle of anteversion. This is the commonly used anteroposterior view of the hip. 
The roentgenogram must be made with the thighs in neutral rotation which can 
be done by flexing the knees over the end of the table. The angle as measured is 
the projected angle of inclination. The geometrical relationship of these two 
projeeted:angles-has-been worked out mathematically by Dr. Charles T. Ryder 
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and Dr. Robert L. Taylor!® with FEMORAL TORSION NORMAL 
the result that a table (Table I) 
was set up which makes it easy to 
determine the angle of anteversion. 
It is based on the fact that if two 
roentgenographie projections of the 
femoral neck are known, the true 
angle of declination or inclination 
ean be determined by mathematical 


> 


means. In order to use the table, one 


merely intersects the eclumn headed 


by projected anteversion with the 
column marked projected inelin- 
ation and interpolates as necessary. 
For example, a projected antever- 


ANTEVERSION DEGREES 


sion of 30 degrees and a projected 
inclination of 137 degrees would 
give a true anteversion value of 39 
degrees. The other methods of eal- 
culating the angle of anteversion 
make use of these two angles in es- 
sentially the same manner. Shands 
and Steele have recently published 


ry 
4 


results of a study of femoral torsion 
| AGE YEARS 


in normal children. These are al- 
most identical to those found in 
this study 


Cart I 
solid line represent 


es represent 


HIP ROTATION FEMORAL TORSION NORMAL AND ABNORMAL 
| 


TOE OUT6 


DEGREES 


N 


ANTEVERSIC 


4 5 6 
AGE YEARS 
Cuart Il 
Chart II: Hip rotation in 344 normal hips 1 
hips examined. Rotation in four hips early in the series was not 


Chart III: Spot graph showing toeing-in and toeing-out 
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TORSION NORMAL AND ABNORMAL HIP ROTATION 
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Cart V 
ion of normal and abnormal hips 


NORMAL SERIES OF FEMORAL TORSION 
In addition to determining the femoral torsion in this group of seventy-two 
mormal patients, 1b Was necessary to get a baseline of normal values by means 
sume methods. This was done during 1954 and 1955 by obtaining appro- 
roentgenograms of 174 children between the ages of six months and nine 
sat or Walked without toeing-in or toeing-out. These children and 
infants were obtained from well-baby clinics, were hospital patients who had 
conditions not related to the lower extremities, or were normal school children 
Roentgenograms were made to determine the degree of femoral torsion; the range 
of rotation of the hips was « stimated by examination of each ehild with the hips 
in full extension. Femoral torsion is three to four times greater during the first 
vear of life than in adulthood then gradually tapers off. In Chart I the solid line 
represents the mean of the group whereas the vertical lines represent the standard 
deviation. The rotation ot the normal series of 348 hips, however, did not vary 
eat deal wi , (Chart ID) 


ABNORMAL SERIES 

art ILL] shows the normal angle of anteversion in a solid black line with 
ill the abnormal | Ips as they re late to if Although a number of patients toeing-in 
and toeing-out fall within the standard deviation of the normal series, the mean 
of the patients tocing-imn and toeing-out Is far apart. Some ol the groups have 
been too small to evaluate the statistical significance but where possible this 
has been done. The range of rotation of the abnormal hips has been measured and 
the results have been superimposed on Chart If (Chart V). W hile external rota- 
tion Was 60 to 80 degrees and internal rotation was less than 20 degrees 1n patients 
toeing-out,. internal rotation was 60 to 80 degrees and external rotation was 10 to 


30 degrees in patients toeing-1n 


rREATMENT AND RESULTS 
The type of treatment used depended upon the severity of the condition and 


age of the patient. Children over five years of age showed little or no improve- 
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Modified flexion ) tion une. Girls femora and tibine 


VO degre 








» ‘ 
Roentgenograms o child’s hi t ing positioned in th l Miuetion. frame 


ment with Denis Browne splints. The younger the child, the more rapid is the 


response to these splints. The average length of treatment with Denis Brown: 


splints was four to eight months. Most of the patients with mild cases were eithe 
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TABLE I 


Results 


Satishactory 
Unsatisfactory 
Over 5 vrs. old 
rreatment not tolerated 
Little’s disease 
No response after 6 to 
12 mos. stretching 


Lost to follow-up 


Unsatisfactory 
too old) 

Satisfactory 

Satishactory 


Unsatisfactory 


cerebral palsy) 


stactory 
nsatistiactory 
Treatment not tolerates 
iralvsis 


Lost to follow-1 ; 


ust obser | : 1 \ ves Only one patient underwent surgery. This 
iad been treated for a year with Denis Browne 
ement. He was doing well nine months after 


is il hoy 
splints for toeing-in without impro 


bilater i] Sup) rcondvlar OsSTCOLOTNYN 
II summarizes the tvpe of treatment and the results obtained in the 


vo patients. If both mother and physician were 
| ttisfactory. On the other hand, if either mother or physi- 


iSSITIEd s¢ sti / 


toed-1n or out to any degree, the result Wis considered unsatis- 


satisfied with the result, 


|. 
is Cl 
( ehild 


rocntgenogralms alter treatment to see 1 


/. An attempt was made to make 


e femoral torsion approached the normal. The lnipression Was vained that most 
did; tl Was an insufficient number of cases to be of statistical signifi- 

CANCE his sti should be carried out more thoroughly in the future. 

DISCUSSION 

The cause of abnormal femoral or tibial torsion is not known. Fitzhugh, in 
Ing the steeping positions ot children, noted that of 100 infants who slept 
t position, 84 per cent had a deviation of the lower extremities, 
rd or outward, of more than 10 degrees Recently Arkin and Katz 
hind legs of rabbits by the application of plaster 


in the knee-ches 


uced torsion in. the 

other things, they showed that the foree of gravitv was the prime 
causation of the torsion. However, there is some evidence indicating 
1s 


ails to derotate in utero resulting in a persistent fetal position 


venty-two children in this series, in twenty-one (29 per cent) there 
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Fic. 3-B Fic. 3-C 


i seven-vear-old boy in a mental institution, habitually sat with his feet 


Maximum internal rotation of the hips is 75 degrees 
Maximum external rotation of the hips is 5 to 10 degrees 


Fic 
i five-vear-old child with chronic brain syndrome, sat in the tailor’s position. If 
straigthened, he would always revert to this position 
1-B: Maximum internal rotation of the hips is 10 degrees 
1-C: Maximum external rotation of the hips is 80 degrees 


72 


Zoentgenogram reveals anteversion than 10 degrees 
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Was history of similar deformities in the parents or siblings. In fifty-four (75 


per cent) there was history of sleeping, during the first year of life, in a position 
that would, if not produce the condition, at least aggravate it. Of the remaining 


25 per cent, sleeping position was unknown in 15 per cent because they were 
early in the series and could not be located for follow-up study. 

The following two patients bear out the postnatal malposition theory so well 
they are presented in more detail. Both were in a mental institution, each with 
a diagnosis of cerebral atrophy. Neither could talk nor walk. Their positions of 
sitting and sleeping, however, were opposite. The first one, C. A., a seven-year- 
old boy, sat with his feet under him (Figs. 3-A, 3-B, and 3-C). Internal rotation 
of the hips was 75 degrees and external rotation only 5 to 10 degrees. The angle 
of anteversion was 50 degrees on the right and 53 degrees on the left. The five- 
year-old child in the next bed sat in the tailor’s position (Figs. 4-A, 4-B, and 
1-(). If his legs were straightened, he would always revert to this position. In- 
ternal rotation of the hip was 10 degrees and external rotation 80 degrees, One 


would expect that five years of sitting would derotate the femora to the point 


where 


» there was little or no anteversion. Figure 4-D shows this to be the case 
According to Wolff's law. these bones should rotate o1 derotate necording 


to th 


e stresses and pressures to which they are habitually subjected. The post- 
natal malposition in these children would seem to be one of the lnportant etiologi- 


cal factors, with the twisting, either inward or outward of the tibia or femur o1 


both, directly related this malposition 
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Capsular Arthroplasty in Paralytic Dislocation 


of the Hip 
A PRELIMINARY REPORT 
BY S. L. WEISSMAN, M.D., TEL-AVIV, ISRAEL 


From Tel-Hashomer Government Hospital, Tel-Avir 


Paralytie dislocation of the hip following poliomyelitis is relatively uncom- 
mon. Indeed, considering how frequently patients show paralysis of the muscles 
around the hip without dislocation, the incidence of this complication is low. 

It is beyond the scope of this paper to discuss the pathogenesis of paralytic 
dislocation of the hip. However, dislocation is a complication which occurs in 
some paralytic hips and greatly increases the therapeutic problems encountered 
in their management 

Conservative treatment accomplishes little in these dislocations; although 
reduction is easily achieved, it is rarely maintained. Shelf stabilization, an 
operative procedure which has been used extensively, has not proved wholly sat- 
isfactory ‘The correction of musele imbalance by tendon transplantatio1 may 
be of value in preventing dislocation or in Mamtamning reduction of paralytic dis- 
location in its early stages, that is, when the head still is in partial contact with 
the acetabulum and the acetabulum has not vet undergone secondary atrophy. 
It may be questioned, however, whether these procedures can cope with a com- 
plete dislocation of long standing 

Recently Jones and Mueller advocated correction of valgus deformity of 
the femoral neck by subtrochanteric osteotomy to prevent paralytic dislocation 
According to Jones, this treatment is also of value in maintaining reduction in 
those instances in which reduction by manipulation is achieved with ease and in 
which the acetabulum preserves sufficient depth to accommodate the femoral 
head. To be effective the subtrochanterie osteotomy must correct anteversion and 
valgus «ce formity of the femoral neck * 

Tendon transplantation, osteotomy, and correction of acetabular insuffi- 
ciency may also be combined successfully, as was shown by Fleming 

However, for the fully established dislocation, in which the head has lost 
all contact with the acetabulum and the latter has undergone atrophy with re- 
sultant instability and pain, the only solution offered in the past has been arthro- 
desis of the hip *. Arthrodesis could be performed only on adults and the problem 
of advanced paralytie dislocation in children has remained unsolved 

It is the purpose of this paper to present evidence that capsular arthro- 
plasty of the hip, devised by Colonna in 1930 for the treatment of congenital 
dislocation of the hip, can be used in children in whom paralytic dislocation of 
the hip developed following poliomyelitis. This particular indication for the oper- 
ation has not been encountered in the literature. 


CLINICAL MATERIAL 

During the last three vears six children with paralytic dislocation of the hip 
have been treated by capsular arthroplasty (Table I). 

Their ages at operation ranged from three to eight vears Three of these pa- 
tients were under our care from the onset of paralysis and gradual development 
of the dislocation was followed. The other three came under our care when dis- 
location was already complete 

The degree of musele involvement 1s summarized in detail in Table II. The 
usual pattern of paralysis of the lip museles in these patients included a more or 
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TABLE I 


Other 


Deformities 


Normal Flail right foot 


Abduction Equinovalgus de- 
contracture ; formity of both 
fixed pelvic feet 


flexion 
obliquity 


contracture ol 
both knees 


Right Normal Flail right foot 


Left; all museles Normal 
paralyzed but 


Flail left knee 


flail left foot 
slight power In 


tensor Iasciac 
latae; flexion 
ceontracture 


It Abduction Flexion contracture 
contracture of right knee 
fixed pelvic equinus deform- 

itv of both feet 

Flail left foot 


obliquity 
Normal 


<s pronoul eed weak? Css OT thre hip abduetors. CXTCNSOrs, 


dduetors 


and rotators with nor- 


id fair flexors 


o patients (Cases 2 and 3) ha had fixed pelvic obliquity associated 
uction contracture of the opposite hip In one patient (Case 4) disloeca- 
loped in ily paralyzed lower extremity; the tensor fasciae latae 
} vith anv remaming power 


irthroplasty had consisted in physical therapy and the use 
1a pelvie ring and a freely movable hinge joint at 


vit! 


ildren with pelvie obliquity the abduction contracture of the 
by 


is correct 


lasclovtomy of the ihotibial band. 
INDICATIONS 


uurteen children with paralytie dislocation of the hip were fol- 
| Ww years, only six were treated by capsular arthroplasty 
uy children were not operated upon because surgery Was not 
v children over three years and under ten years of age were con- 


lol 


rthroplasty. The operation was advised only in patients 


thlished dislocation when the head of the femur had lost all contact 


d the acetabulum was atrophied and shallow 
erams were made of al 


in 
itil 


| but one patient. These studies 


il Information about the degree of stretching of the capsule, the state 
limbus, and tl 


t 


e presence or absence of a narrow capsular isthmus. Further- 
more, arthrography in different degrees of abduction and rotation allowed assess- 
i¢ reduetion 


ment of th ilequac’ t tl 
lents, the cartilaginous limbus was markedly atrophie and the cap- 
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TABLE I 


Roentgenographic Findings I 5 Supplementary Operations 


Slight atrophy of acetabulum; valgus 31, Concomitant adductor tenotomy 
deformity and anteversion of femoral derotation osteotomy of femur 
neck; arthrogram revealed atrophic (6 wks. later 
limbus and absence of isthmus 

Marked atrophy of acetabulum; valgus », Concomitant adductor tenotomy; 
deformity and anteversion of femoral ) derotation osteotomy of femur 
neck arthrographic findings as in (6 wks. later 
Case | 


Valgus deformity and anteversion of 28, Concomitant adductor tenotomy:; 
femoral neck derotation osteotomy of femur 
(6 wks. later) 
Slight atrophy of acetabulum; arthro- ‘ Transference of tensor fasciae latae to 
graphic findings as in Case | insertion of glutaeus maximus 


Marked atrophy of acetabulum; valgus e4, Concomitant adductor tenotomy 
deformity and anteversion of derotation osteotomy of femur 
femoral neck arthrogray hic findings 6 wks. later 
as in Case 1 

Slight atrophy of acetabulum; valgus 5 Concomitant adductor tenotomy 
deformity and anteversion of derotation osteotomy of femur 
femoral neck; arthrographie findings (6 wks. later 
asin Case 1 


sular isthmus sufficiently wide to allow easy reduction of the femoral head into 
the socket. However, reduction could be achieved only In & position OF at least 45 
degrees of abduction, whether the hip was in extension and internal rotation or in 
flexion and external rotation. In the position Of extension and internal rotation 
a small pool of contrast medium remained at the bottom of the acetabulum; this 


pool was absent when the hip Was put into flexion and external rotation (Fig. 1) 


TABLE II 
Musee GRADING 


Hip 
Flexors Fair None 
Icxtensors Trace Poor None None 
Abductors Trace Poor None . Poor 
Adductors i Normal Normal None | Normal 
external Rotators Poor Fair None Poor 
Internal Rotators . None Poor None Poor 


Sartorius None None None . Poor 
Tensor Fasciae Latac Poor Poor 


Knee 
Iixtensors (iood 


Flexors Good 
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ralvtic ¢ ition. The absence of capsular constriction 
ire obvious. The middle arthrogram was made with 
15 degrees of abduction. In this position the head 
i pool of contrast fluid wecumulates between 


throgram of a 


ind the atroph the cartilaginous limbus 
the hip held in maximal internal rotation and 
does not t ) 1 of the acetabulum and 

" cetabular wall. This pool disappears when the hip is put im the 
complete reduction (lower picture 


Reduetion 


if these findings WAY be summarized as follows 


The significance 
ll instanees since there was no capsular constriction 


was achieved with ease in al 
ved only in flexion and external rotation 


reduction was achie 
In extension and full internal rotation, wide abduction 


However, comple le 
(the frog-leg position ) 
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Paralvtic dislocation of the right hip i six-vear-old girl 








psular irthroplasty 


Was necessary to keep the femoral head in the socket, but even then the head did 
not reach the bottom of the acetabulum 

It might be supposed that subtrochanteric derotation osteotomy to correct 
anteversion, combined with angulation of the shaft to produce a moderate degree 
of varus position of the femoral neck, would maintain the head in the acetabulum. 
However, the reduction so achieved would have been incomplete because the head 
would not reach the bottom of the acetabulum as shown by arthrography. With 
osteotomy alone, the incomplete ness of the reduction, as well as the shallowness 
of the acetabulum and atrophy of the cartilaginous limbus, would make the 
future stability of the hip questionable. An atrophied or apparently absent lim- 
bus was a constant finding at operation 

The data supplied by arthrography further define the indications previously 
mentioned for arthroplasty, by demonstrating a shallow acetabulum, an atrophic 


limbus, and failure of the femoral head to seat in the acetabulum even with the 


hip in extension and full internal rotation to offset anteversion. 


OPERATIVE TECHNIQUI 


The technique described by Colonna was followed with the exe ption of pre- 
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TABLE III 


> , 
LESULTS 


Range of Movements 
Length of Flexion extension Abduction Adduction 
Follow-up Normal: Normal: Normal: Normal: 
Period Stability 120 20 15 15 
( Active) ( Passive (Active) (Passive) (Active) (Passive ) (Active) (Passive ) 


(Good 20 5 t 35 


Good 20 15 
Coot 20 

Good 

Ciood 


Ciood 


liminary continuous traction which was omitted in view of paralysis. Adductor 
tenotomy was performed concomitantly with arthroplasty, and supracondylar 
osteotomy of the femur, advised by Colonna, was performed six weeks later. 

In one patient (Case 4), the tensor fasciae latae, the only active muscle in 
an otherwise flail hip, was detached from the iliotibial band and fixed to the 
insertion of the glutaeus maximus muscle on the femur. This was done merely 
to abolish a deforming factor, with no idea of achieving useful function. No ac- 
tive movement of the hip in any direction could be detected at follow-up exami- 


nations. Moreover, no derotation osteotomy was performed upon this patient, 


since there was no anteversion of the femoral neck. 


RESULTS 


Results were Judged by stability, range of movement, and gait (Table IIT). 


-aralytic dislocation of the right hip in a girl four and a half vears old. 
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TABLE III 
RESULTS 


in Degrees 
Internal Rotation Iexternal Rotation Length of Time Patient 
Normal: Normal: Had Walked at Last 
15 15 examination 
(Active) (Passive) (Active) (Passive) (. Vonths 


20) 15 ‘ ‘ Glutaeus maximus limp 30 


Starting to walk with 
braces and crutches 


Slight glutaeus maximus 
limp 


Walks correctly with a 


brace 


Walks with braces and 
crutches 


Slight limp 


The stability achieved by capsular arthroplasty has so far proved remark- 
able in all patients and no instance of redislocation has occurred (Figs. 2 through 
7). Walking ability has greatly improved and in patients with partial paralysis, 
braces were removed 


} 


The restoration of motion after arthroplasty was thought to be dependent 


upon available muscle power. It was feared, therefore, that paralysis of the hip 


muscles would lead to subsequent joint stiffness. This was disproved by the re- 
sults. The most striking example was found in the patient in whom dislocation 
developed in a totally flail limb (Case 4). Although without active motion, the hip 
could be freely moved, passively, through a full range of motion when examined 
one and a half years after operation. 

The minimal range of motion was attained in Cases 2 and 5. In contrast to 





Fic. 3-B 
Two vears after capsular arthroplasty 
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Fic. 4-A 


Paralvtie dislocation of the right hip in a boy aged eight vears 


One and a half vears after capsular arthroplasty 


Case 4. Paralytic dislocation of the left hip in a three-vear-old boy 
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One and a half vears after capsular arthroplasty 


the remaining children these two patients had severe involvement of both lower 
extremities. In Case 5 there was paralysis of the left upper extremity also. More- 
over, both of these patients had pelvie obliquity due to abduction contracture 
of the contralateral hip with concomitant deformities of the knees and feet. Conse- 
quently, the rehabilitation program was fairly extensive. In one (Case 5) all 
reconstructive procedures were completed and, at the time of writing, the pa- 
tient’s ability to walk was improving with increasing joint mobility. In the other 
patient (Case 2), the reconstructive procedures were delayed by repeated pul- 
monary infections and were resumed only recently, after a delay of over one 
vear. For these reasons the child has only started to walk, with braces and 
crutches, at the time of writing. 

Even with these drawbacks, the range of movement recovered in these two 
patients may be considered satisfactory (Table III) and further progress may be 
anticipated. 

In the remaining three patients (Cases 1, 3, and 6) in whom the unaffected 
contralateral extremity allowed early resumption of normal activity, the range 
of movement following arthroplasty was normal. 

In most of the fully rehabilitated patients with effective muscle power about 
the hip, passive mobility slightly exceeded active movement. This again allays 
any apprehension that paralysis may lead to joint stiffness. It may even be in- 
ferred that the absence of muscle power and protective spasm favored joint mobil- 
Itv after arthroplasty. 

In regard to gait, it must be stated that limp, although greatly improved, 
was not abolished by the operation. Persistence of limp was due to weakness of 
the glutaeus maximus and glutaeus medius for, as might be expected, the para- 
lytic pattern remained essentially unchanged after the operation. However, im- 
provement of gait through stabilization of the femoral head was quite noticeable 

DISCUSSION 

A greater number of patients and a longer follow-up period are needed in 
order to evaluate precisely the indications for capsular arthroplasty in patients 
with paralytic dislocation of the hip. It is believed that the procedure is undoubt- 
edly of value. 

The results at the time of this preliminary report indicate that capsular 
arthroplasty accomplishes its purpose by ensuring both stability and mobility of 


the hip. Following operation there was noticeable improvement in limp. Despite 


paralysis of the hip muscles, no loss of Joint motion occurred, 
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5. Paralytie dislocation of the left hip in a boy aged three years 





Fic 6-B 


One and a half vears after capsular arthroplasty. 


Adductor tenotomy and derotation osteotomy were performed on five of thes 
patients. The importance of these ancillary procedures in securing the final result 
must be acknowledged, but it seems unlikely that these procedures alone, without 
arthroplasty, would have given the same results. In this connection, it is of inter- 
est that in two patients, not included in this report, adductor tenotomy was per- 
formed during the carly stages of the development of the dislocation but this did 


not stop further progress. These two patients are still too young for capsular 


arthroplasty and are being followed. 

In evaluating the merits of capsular arthroplasty in paralytic dislocation it 
should be stressed that this procedure, by correcting the dislocation, eliminates 
severe disability but it does not solve all the problems caused by paralysis of 
the hip muscles. It should also be remembered that the procedure is applicable 
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Paralvtic dislocation of the 





One year after capsular arthroplasty 


only to children from three to ten years old. It was precisely within this age 
group that the need for a reliable procedure to treat established dislocation was 


felt. Capsular arthroplasty seems to meet the requirements. 
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Prevention of Acquired Dislocation of the Hip 


in Cerebral Palsy * 


BY WINTHROP M. PHELPS, M.D., BALTIMORE, MARYLAND 


This paper deals entirely with the methods for prevention of acquired dlis- 
location of the hip in patients with cerebral palsy. The various procedures used 
for correction of the dislocation once it has occurred are not germane to this 
discussion 

At best, it is difficult to assess the value of any preventive measure. It can 
never be proved in any given patient that a condition for which a preventive 
measure Was instituted would in facet have developed if this preventive measure 
had never been instituted. However, by careful evaluation and observation of 
the apparent causes of the dislocations of the hip in cerebral palsy, it was pos- 
sible to institute effeetive and specific preventive measures 

Congenital dislocation of the hip has been the subject of innumerable papers 
throughout the world for many years. Acquired dislocations of the hip due to 
both trauma and disease are also well documented Acquired dislocation of the 
hip in cerebral palsy was referred to briefly by some authors and reported statis- 
tically by Gherlinzoni, Mathews, and Tachdjian and Minear. The ineidence 
reported was 4.6 per cent, 2.6 per cent, and 4.24 per cent, respectively. At the 
Children’s Rehabilitation Institute for Cerebral Palsy, Reisterstown, Maryland, 
and at the Matheney School, Peapack, New Jersey, the incidence of dislocation 
has been approximately 17 per cent. As noted by Tachdjian and Minear dislo- 
cations occur most commonly in patients with spasticity and rigidity due, pre- 
sumably, to the constant, abnormal musele pull. In patients with mild cerebral 
palsy the incidence of hip dislocation is very low 

A careful study of the roentgenograms of the hips of children with cerebral 
palsy discloses the existence of several types of dislocation which are quite dis- 
tinct from each other. These different types of dislocation are characterized by 
changes in the femur including variations in the angle of the neek and in the 
degree of femoral torsion, and by changes in the shape and size of the acetab- 
ulum. The problem, therefore, is to determine what causes these changes. 

Patients with cerebral palsy—a neuromuscular disturbance and not prima- 
rily a disease of the osseous system—should show no greater incidence of con- 
genital dislocation or dysplasia of the hip than the general population. The fre- 
queney of congenital dislocation of the hip varies geographically and racially ; 
Hass quoted many statistical studies showing the incidence to vary trom 2.76 to 
nineteen per thousand or a maximum ineidence of 1.9 per cent of normal chil- 
dren. This is in striking contrast to the incidence of hip disloeation In children 
with severe cerebral palsy which, as noted previously, may be as high as 17 per 
cent. There is no indieation that the incidence of dysplasia or congenital dis- 
location of the hip is any higher in children with cerebral palsy than among the 
population at large. I have found that serial roentgenograms of the hips of some 
children with cerebral palsy will show normal hips initially with subsequent de- 
velopme nt of frank dislocation. In these instances it would appear that cerebral 
palsy Is In some Way the cause of the dislocation 

Certainly, in children with cerebral palsy the stresses on the bones are very 
different from those in normal children. Not only are there abnormal muscle pulls 


* Read at the Annual Meeting of The American Orthopaedic Association, Hot Springs 
Virginia, June 27, 1957 
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Fig. 1-A: AS. The roentgenogram of this severely spastic quadriplegic boy was made in 
1955 when he was three vears old. Treatment consisted in placing the child in a standing table 
for three hours a day 

Fig. 1-B: Roentgenogram made in 1958 when the patient was SIX veurs old. Note the definite 


increase in the angle of the femoral neck 


but also delayed weight-bearing and hence lack of the normal forces on the fem- 
oral neck incidental to assuming the ereet position. According to Wolff's law, 
some abnormalities in the formation of the femoral neck and acetabulum might 
be anticipated 


Acqu red Dislocation of the H p Due to Coxa Valga 

Congenital coxa valga, a well recognized entity, was deseribed by Dreh- 
mann in 1906, Preiser in 1908, and Springer in 1909. Hass quoted Preiser as 
consid ring 1t one ol the factors, In Common with increased acetabular obliquity 
and anteversion of the femoral neek, which may lead to congenital dislocation 
of the lip. Putti, on the contrary, considered it of no significance. It is difficult 
to determine coxa valga by rocntgenogralis nf tants, although the incidence is 
high at this age, because of the cartilaginous nature of the neek and head. On 
the other hand, dysplasia or increased acetabular obliquity can be seen readily 
even In one -day-old infants and are known to be no more common in children 
with cerebral palsy than in normal children. Persistence of normal coxa valga of 
infaney due to the absence of weight-bearing was observed by Whitman who 
stated that it was sometimes seen in limbs which never supported weight. This 
was also described by Jones and Lovett as occurring in a young child with polio- 
myelitis. They remarked that this deformity might be seen only in the affected 
leg which bore no weight. In the unaffeeted leg, however, one would find a normal 
angle of the neck and shaft of the femur. 

In cerebral palsy, therelore, one may assume that the coxa valga observed 
in these children is related to delayed weight-bearing. The incidence of coxa 
valga in 100 children with cerebral palsy who had not borne weight until the age 
of four years was compared with 100 normal and cerebral palsied children who 
had borne weight. Persistent coxa valga Was observed in about 25 per cent of those 
who had not borne weight while in the weight-bearing group the incidence was 
between 3 and 4 per cent. Roentgenograms of the hips and pelves, obtained for 
various reasons, were used in making these measurements. The exact position of 
the hips when the roentgenogram was made was not known, making accurate 
measurement of the neck-shaft angle difficult. Measurements were made with a 
protractor and the only films used were those in which the hip appeared to be in 
neutral position since the tip of the lesser trochanter was just visible on the 
medial side, and the epiphysis of the greater trochanter was plainly visible on 
the lateral side. All patients in whom the angle formed by the femoral neck and 


VOL. 41-A, NO. 3, APRIL 1959 





M. PHELPS 














Fic. { Fic. 3 
ig. 2: Case 1. N.M. This girl had never borne weight. Roentgenogram shows bilateral marked 
oxa valga and bilateral dislocation. There are no abnormal muscle pulls, only a completely 
ficient vertical mechanical pull of the glutaeus medius 
Fig. 3: Case 2. B.H. This sixteen-ve ir-old girl with bilateral coxa valga had not borne we ight 
until she was ten, Spastic paraplegia is more marked on the left, where subluxation is also 


pparent 





rie 


shaft exceeded 150 degrees were arbitrarily considered as showing persistent coxa 
valga 

In coxa valga, the position of the greater trochanter is almost directly below 
instead of lateral to the origin of the glutaeus medius. As a result, the force 
of contraction of this muscle is direeted vertically, rather than diagonally down- 
ward and outward, or nearly horizontally as with normal angulation of the neck. 
Normally, contraction of the glutaeus medius causes abduction of the hip. When 
the pull of this muscle is nearly vertical, however, its effective force as an ab- 
duetor is decreased or completely eliminated with a consequent loss of lateral 
balance, a swaying gait, and a pseudo-Trendelenberg sign. The consequent im- 
balance between abductor and adductor power may result in adduction contrac- 
ture and scissors gait. Thus, it can be seen that the seissors gait, so often seen in 
cerebral palsy, is not always necessarily due to spasticity of the adductors in pa- 
tients with coxa valga. In these instances, the muscle imbalance producing scis- 
sors gait may result from inefficiency of the abductors of the hip caused by coxa 
valga. Regardless of the cause of the imbalance, the femoral head may be rocked 
out of the acetabulum with subsequent lateral and posterior dislocation. Where 
coxa valga is the predominant cause of dislocation, the prevention of such dislo- 
cation would seem to depend on correcting the valgus deformity in order to im- 


prove the me chanical advantage of the glutaeus medius. Where coxa valga is due 
; ] 
{ I 


ack of glutaeus medius function, adduction tenotomy is not indicated. In our 


a) 
experience, very early weight-bearing, begun when the bone age is nine to ten 
months, using supportive leg splints and a standing table, has produced a de- 
crease in the angle of the neck when weight-bearing is continued over a period 
of two years. The amount of standing time has been arbitrarily set at three 
hours a day, but for not more than one hour at a time (Figs. 1-A and 1-B). 

In five patients so treated who were followed by me for from four to six 
years, there has been an average decrease of the femoral-shaft angle of 30 degrees 
(from 175 to 145 degrees). In many other patients I observed who have not been 
so treated, the angle has remained at about 175 degrees. In none of the patients 
treated by early weight-bearing has subluxation of the hip occurred, while a 
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‘ase 3. C.Z. This eight-vear-old girl with atonic diplegia had never borne weight 
ind had no abnormal pull of adductors or gracilis. This roentgenogram, made three us after 
i shelf operation (performed elsewhere), shows that the shelf had been completely ibsorbed 


Fig 5: Case 4 k P This bov, eight vears old, had rigidity rather than true spasticity and 


had never walked. The tight, rigid, cordlike adductors created abnormal muscle pull which 
resulted in dislocation The ieetabular CAVITV IS not changed In shape “us if is In gi icilis dis- 
location 


substantial number of dislocations have been observed in children not so treated. 
In none of the dislocations associated with coxa valga has there been any change 
in the acetabular roof, and the acetabular angle has been normal. 

Although subtrochanteric osteotomy of the femur is a method of reducing 
the angle formed by the neck and shaft of the femur, I have had no experience 
with this procedure in young children with cerebral palsy. In older children, on 
the other hand, osteotomy to reduce valgus deformity has been found to result 
in a stable hip, even in the presence of incipient subluxation. If osteotomy is per- 
formed, both coxa valga and anteversion or femoral torsion should be corrected 
simultaneously. 

Although anteversion or femoral torsion unquestionably plays a part in the 
production of dislocation of the hip in cerebral palsy, I have found that femoral 
torsion is a late development in this condition, seeming to result from prolonged 
sitting on the floor with the hips and knees in acute flexion and the feet backward. 
This position is assumed by the child who is unable to stand because it provides 
a wide base of support. It places both femora in full internal rotation and if this 
position is assumed habitually for two to three years it may result in marked 
internal femoral torsion or anteversion. The internal rotation of the hips which 
sO frequently characterizes the gait of adults with cerebral palsy would appear 
to be the result, in some measure, from this persistent internal torsion. Although 
femoral torsion produces an ungainly gait, it does not seem to be so important 
a factor in the production of acquired dislocation of the hip as coxa valga 

In the author’s experience, if weight-bearing is started early and sitting is 
largely eliminated, femoral torsion does not develop. 


Case 1. N.M.. a girl, six vears old, had severe ataxia. She had never borne weight on the 


lower extremities. Roentgenograms made when the child was six showed bilateral disloea- 


tion of the hips with marked coxa valga (Fig. 2) 


In this instance, there was no spasticity or contracture but merely ataxia. 
Due to marked coxa valga, the pull of the abductor muscles was rendered com- 
pletely ineffective. The resultant imbalance between these and the adductors 
produced dislocation of both hips. 


Case 2. B.H. This girl, sixteen years old, had spastie paraplegia, more marked on 
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Fic. 6 Fic. 7-A 
Fig. 6: Case 5. C.B. Roentgenogram of the hips of this ten-year-old boy with spastic quadri- 
plegia shows the acetabular roof to be well preserved with no coxa valga. The patient wore 
braces and used the standing table since early childhood 
Fig. 7-A: Case 6. B.W. Roentgenogram made when this child with cerebral palsy and left 
spastic hemiplegia was seven years old was interpreted as showing a normal hip, although 
there is possibly a slightly increased slant of the acetabular roof on the left 





] 








Fic. 7-B Fic. 7-C 
Fig. 7-B: Roentgenogram made when the patient was thirteen showed the acetabular roof 
to tn badly eroded on the le it sic 
| ig. 7-C \t the age of fifteen there is no evidence of the acetabulum on the left 


he left. She did not begin to stand until she was ten. At the time of writing, six vears later, 
there is no adductor spasticity and the knees are straight. Roentgenograms (Fig. 3) showed 
bilateral coxa valga and subluxation of the left hip, the result, presumably, of coxa valga and 


related mefticiency of the glutaeus medius 


Case 3. C.Z. A girl, eight vears old, had atonic diplegia and had never borne weight on 
her lower extremities. There was no spasticity or contracture of either the adductor or grac- 
ths muscles. A shelf operation on the right hip to prevent further subluxation had been per- 
formed on the child elsewhere when she was five vears old. Three vears later this shelf had 
heen completely absorbed (Fig. 4), and a similar procedure recently done on the left side 
ray ilso be ibsorbed 


1; quare d Dislocation Due to Abnormal Muscle Pulls 


Adductor type of dislocation: Dislocation of the hip due primarily to spas- 
ticity of the adductor muscles in patients with cerebral palsy presents a different 


picture. Here the angle of the femoral neck is normal or nearly normal but there 
is marked scissors gait. The abductors have a normal mechanical advantage but 
they are overpowered by the high degree of adductor spasticity involving the 
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Fic. 8-A Fic. 8-B 
Fig. 8-A: Case 7. T.B. Roentgenogram made when this boy with cerebral palsy and left 
spastic hemiplegia was ten years old. There is a tight gracilis on the left, an adequate acetabular 
roof, and some coxa valga bilaterally. 
Fig. 8-B: Roentgenogram made three years later shows the acetabulum to be enlarged with 








erosion of the roof. 


pectineus, adductor longus and brevis, and occasionally the adductor magnus. 
When dislocation of the hip occurs here, the femoral head is rocked out of the 
acetabulum. There is no change in the size or shape of the acetabulum and the 
dislocation is lateral or often posterior without upward displacement. 

In these cases early adductor tenotomy will prevent the development of dis- 
location. I have found that dislocation rarely follows adductor tenotomy when 
the angle formed by the neck and shaft of the femur is normal. However, a number 
of hips have dislocated after adductor tenotomy when coxa valga was present. 
Contractures of the adductors will re-form under these circumstances and dislo- 
cation of the hip may supervene. 


Case 4. K.P. This eight-vear-old boy had rigidity rather than true spasticity and had 
never walked. His hips had been held habitually in the adducted position because of over- 
pull ol the idductors. Dislocation of both hips had occurred when the child was four with 
development of pain Roentgenograms made when the child was eight showed 


subsequet! 


moderate coxa valga and well preserved acetabular roofs (Fig. 5). Pain was relieved by 


idductor tenotomy. In this patient dislocation would appear to be the result primarily of 
excessive muscle pull the adductor group. 


Case 5. C.B., a boy, ten years old, with spastic quadriplegia had never been able to 
walk or stand without support. Dislocation of the hip occurred on the right when the child 
was three and on the left when he was five. Roentgenograms made when the boy was ten 


si owed the iweetabular rool of « ich hip to be we ll preserved with no coxa valga (Fig. 6). Pa n 


in both hips was relieved by adductor tenotomy. 


Gracilis type of dislocation: A less common dislocation of the hip due to 
abnormal muscle pull is related to either spasticity or contracture of the gracilis 
muscle or to a combination of both spasticity and contracture. 

The gracilis is the only muscle which is both a knee flexor and an adductor 
of the hip. The other hamstrings—biceps femoris, semimembranosus, and semi- 
tendinosus—arise from the ischial tuberosity. The force exerted by these mus- 
cles is essentially vertical, while the gracilis, which arises from the symphysis 


pubis, exerts a diagonal foree upward and medially. In the presence of a tight 


gracilis, adduction of the hip takes place when the knee is passively extended. The 
test for a tight gracilis is to place the patient face down on the table with the 
knees flexed to 90 degrees. The legs are then abducted as far as possible, and the 
knees gradually extended. If the gracilis is not tight or spastic, there will be no 
tendency for the hips to adduct as the knees are extended. When the gracilis is 
tight, there is, of course, some degree of knee flexion contracture, which, if forced 
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Fig. 9: Case 8. G.Z. This twelve-year-old boy 
had partial erosion of the right acetabulum. 
Roentgenogram made eight years after gracilis 
procedure shows that the degree of acetabula 
erosion has remained unchanged. 
out into extension, results in adduction of 
the hip. 

I first suspected this gracilis syn- 
drome in 1936 when trying to correct knee 
flexion deformities by wedging casts with 
the legs held in abduction by an ab- 
ductor bar. Hip pain and subsequent 
subluxation of the hip resulted from this 
procedure in two patients treated early 
in my experience. In later patients with 
this syndrome, section of the gracilis was found to eliminate this difficulty. My- 
otomy was earried out in the middle of the belly of the musele to eliminate: both 
its adductor and its knee-flexor function. 











Gradual dislocation of the hip has been observed in ten patients. In all, vary- 
ing degrees of erosion of the acetabular roof occurred concomitantly with pro- 
gression of the dislocation, yet there was no evidence of tuberculosis or any other 
disease process 1n the involved hip joint There was also no history of injury. 


Case 6. B.W. A girl with cerebral palsy and left spastic hemiplegia received no treat- 
ment. She was secn only it rare intervals by the wuthol The patient 1s able to walk inde- 
pendently. The gracilis test is positive. A roentgenogram made when the girl was seven was 
interpreted as showing a normal hip although, in retrospect, it would appear that there is 
slight upward inclination of the acetabular roof on the left (Fig. 7-A). In roentgenograms 
made when the patient was thirteen the acetabular roof was found to be badly eroded on 
the left side (Fig. 7-B). Two vears later, roentgenograms (Fig. 7-C) disclosed no evidence 


of the acetabulum on the left. At that time the patient had a severe but painless limp. 


Case 7. T.B., a boy with cerebral palsy and left spastic hemiplegia was first seen 
when he was ten years old. At that time a tight gracilis was noted on the left and roentgeno- 
grams revealed an adequate acetabular roof and some coxa valga bilaterally, more marked 
on the left. This was difficult to evaluate because of the externally rotated position of the 
hips, when the roentgenograms were made (Fig. 8-A). The diameter of the left femur was 
less than that of the right. Roentgenograms made three vears later showed that the acetab- 
ulum had enlarged with erosion of the roof (Fig. 8-B). Section of the gracilis was per- 
formed at that time and no further erosion ol the acetabulum has taken place The patient 


walks with a limp but has no pain, he was lust examined five vears after gracilis mvotomy. 

The author now has a series of five patients who were first seen at the ages 
of four, four, six, seven, and five, respectively. Initial examination revealed tight 
gracilis muscles and roentgenograms showed slight acetabular erosion. Gracilis 
section Was performed, In the five years or more that all patients have been fol- 


lowed no further erosion or enlargement of the acetabulum has taken place. 


Case 8. G.Z. A boy with partial erosion of the right acetabulum had gracilis proce- 


dure performed on him when he was four vears old. Roentgenograms (Fig. 9) made eight 


iufter operation showed that the degree of acetabular erosion has remained unchanged 
SUMMARY 
Acquired dislocation of the hip in cerebral palsy appears to result from: 
(1) coxa valga, due to late weight-bearing; (2) spasticity or contracture of the 
adductor muscles; or (3) spasticity or contracture of the gracilis muscle. These 
three types are distinguishable from congenital dislocation of the hip and from 
each other on the basis of roentgenographie and clinical findings. Prevention of 
each type of dislocation is often possible by the specific measures described. 
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DISCUSSION 


Dr. Witt1am Cooper, New York, N. Y.: The series of events which culminate in dis- 
location of the hip in cerebral palsy is an interesting practical demonstration of abnormal 
biomechanics. I would interpret the three types of dislocation which Dr. Phelps presented 
is three stages 1n the same mechanism. Coxa valga is certainly the first of the circumstances 
which predispose to dislocation. Failure to develop weight-bearing produces coxa valga ol 
reserves it. To this may be added the strong pull of spastic adductors on the femoral shaft 
ending to straighten the angle of the neck. In the next stage, strong adductor and flexor 
spasm maneuvers the femoral head into an unstable position. Finally, all the strong axial 
muscles of the femur which originate in the pelvis, especially the adductors, but also the 
hamstrings, pull together to displace upward the already unstable femoral head. The grac- 


l 
! 
1 


Fic. / 
The findings typical of dislocation of the hip in cerebral palsy 


ing ol the lemor il head from soft-tissue pressure olten associated with 


ilis muscle surely contributes to this mechanism, but to consider it the sole cause seems too 
much like picking on the youngest and weakest member of a family. 

I agree with Dr. Phelps that we should prevent dislocation if we can. This would in- 
volve applying the reverse of the factors which produce the dislocation: weight-bearing 
instead of non-weight-bearing, and most important, relief of continuous and strong ad- 
duction in the hips. Braces may control adduction in the milder cases. Ordinarily, if the 
process ol dislocation is already st irted, release of adduction is in order. Adductor tenotomy, 
including the gracilis, and one or both branches of the obturator nerve is carried out. I must 
say that I do not have Dr. Phelps’ reluctance to do intra-abdominal obturator neurectomies 
and often rely on this procedure to provide relief of adductor spasm. I have never seen the 
persistent contracture of the abductor muscles he refers to following this operation 

The real problem of dislocation, however, 1s pain This, to me, overshadows every 
other consideration. I am neither startled nor particularly distressed by the dislocation it- 
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These are ordinarily seriously disabled children and the mere fact of dislocation does 
ually modify their physical competence very much. On the other hand, significant 
ittention. It is not always present, but it does occur frequently and may be 
injon that pain is primarily the result of pressure of the dislocated head of 

ibductor muscles big For the pain which misty develop, Dr. Pheips 

se if considerable spasm is present I have found it much more ¢om- 

patient to release the abductor muscles overlving the femoral head, str pping 

ilium until ¢] psule is fully exposed. One may, in addition, release the ad- 

unstrings 1 | ire contracted in order to further reduce upward tension 


ive been very helpful in relieving svmptoms 


Nox D. Baker, Dunnam, Nortu Carouina: Dr. Phelps mentioned that he does 

i combination of the various acquired dislocations of the hip in the cerebral pal- 
itient Th nion t the three changes do occur together. I have seen them 
vi tabulum showed the effect of the gracilis pull 
in extreme adduction and was seen to be 

e was valgus deformity of the neck of the 
controlled unilaterally in the paraplegic or the 
ind thereafter, t | extremity should be 
idducted femur may have held the opposite hip in 


rely involved | opposite hip can then 


likely to ccur when the two sides are equally in- 
n. When hip dislocation, regardless of etiology, is not 


} 
on 


disabling scoliosis develop. This combination leads 


ind 
] 
| 


jually disabling to. the unbulatory ind to the wheel-chair 


Cooper's discussion about the adductor or gracilis, I think 
d out in the patients with severe cases are per- 
patient th a relatively mild case who has a nor- 
i dislocated hip. This is the one, I think, on whom 

You want to find out what factor is causing this, and 
edures are useful when there is severe spasticity 


very carefully in each patient and ay 
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Patients with acute or chronie reeurrent traumatic lesions of the spine and 
spinal cord may recover initially, but neurological sequelae may develop years 
later. At that time a diagnosis of degenerative disease, neoplasm, inflammatory 
condition of the central nervous system, or spinal-cord compression due to hyper- 
trophie arthritis may be made erroneously There is little realization that the 
chronic disability may stem from recurrent Injuries to the cervical spinal cord or 
Irom a long since torgotten single traumatic episode. Kfforts should therefore be 
directed toward obtaining a compl te history and initiating early definitive ther- 
apy in acute spine injuries in order to avoid these unfortunate results 


Part I was presented in an earlier publication !” 


. This dealt exclusively with 
the acute flexion or “tear-drop” fraecture-dislocation of the cervical spine, a lesion 
which is particularly apt to cause chronie difficulty Stress was place d upon the fact 
that the « arly proper re alignment of the fracture-dislocation and Satistactory spine 
fusion might prevent d laved neurological signs and symptoms ®**:!* 

This portion, Part II, will be devoted to the problems associated with the 
chronie sequelae of herniated intervertebral dises which have caused the pattern ol 
chroni¢e anterior cervical spinal-cord injury or compression. This syndrome is char- 
acterized by gradually progressive weakness and spasticity with hyperreflexia in 
the lower extremities and extensor plantar reflexes without significant sensory 
change initially Kv ntually, in some cases these motor changes may be associated 
with the development of a dermatome level of hvpalgesia and hypaesthe sig b2.34 
9.10.12,13,14 The mechanism of this neurological pattern is discussed in Part I and 
will not be reviewed here 
The realization that spinal-cord compre ssion may cause recurrent trauma to 
the cord as the result of the stresses and strains of eve ryday movement of the spine 
seems to be entirely foreign to medical thinking. Nevertheless, this concept as a 
form of chronie spinal-cord injury must be fostered if accurate diagnosis and treat- 
ment are to be attained. 

The follow-up study of patients with this type of lesion is becoming an in- 
creasingly difficult problem. Our population has become more mobile in recent 
vears with the result that frequently there is lack of continuity of care of the 


patient by one physician The practice ol microfilming rocntgenograms and records 


he statute of limitations 


in many hospitals in order to conserve filing space and t 
have led to the relatively early disposal of old rocntgenograms., All too freque ntly 
it is impossible to borrow the original films for comparison with the current ones 
In the following cases, which will serve as illustrations, some of these problems 
have been overcome by the close cooperation of neurosurgical and orthopaedic 
colleagues in other institutions, by the exchange of medical reports by mail, and 
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ral roentgenogram showing straightening of the normal 


lordotice curve he cervical spine. 
1-B: Mvelogram showing constant filling defect. a 
indicating a space-taking lesion. 


Fig t fifth cervical-sixth cer- 
eal interspace 


by travel on the part of the author to distant hospitals to examine microfilmed 


records and roentgenograms 

Case 1. L. B., a hog slaughterer, forty-nine vears old, was admitted to the United States 
Veterans Administration Hospital, Parma, Ohio, on March 24, 1949. Two weeks prior to admis- 
sion constant discomfort in the neck and left shoulder developed; this was aggravated by any 
Associated with this pain he noted inability to raise the left arm and 
shoulder; intermittently he had a staggering gait. The cervical pain disappeared only to be 
replaced by pain radiating into the left elbow and wrist upon any shoulder movement. He had 
no bladder or bowel incontinence. There was no history of any direct forcible injury to his neck 
rior to the onset of symptoms his work, four days a week, had consisted 
ead and neck with a club. 
but he displayed no limitation 
as well as 


flexion of the neck 


or head. For five years } 
in killing 700 hogs a day by striking them upon the h 

The patient had tenderness over the lower mid-cervical spine, 
of motion of the head and neck. He had comple te paralysis of the left deltoid muscle, 
marked weakness of the internal and external rotator muscles of the shoulder and the supinator 
muscles of the left forearm. There was mild weakness and spasticity of both lower extremities 
He had hypaesthesia in the left fifth cervical dermatome. His vibration sense was diminished in 
both feet but touch, motion, and position sense were all intact. The deep reflexes were symmet- 
h pathological pyramidal tract signs in all four extremities. His gait was 


ily hyperactive wit 
A cle ar colorle ss cere bro- 


normal and the Romberg test was negative Upon lumbar puncture, 
pinal fluid was obt uned with normal manometric studie s The total prote in was 40 milligrams 
and the colloidal gold curve was normal 


per 100 cubic centimeters. The Kahn test was negative 
abnormality except straightening of the 


I 


Roentgenograms of the cervical spine showed no 


lordotic curve (Fig. 1-A) 

\ neurological consultant made a diagnosis of amyotrophic lateral sclerosis with pain sec- 
ondary to shoulde r-joint adhesions but vv o« ited that mve lography he considered to exclude 
Several neurosurgical consultants felt that the patient probably 
did not have Lt surgi il cervil il lesion but agreed Lo ce rvical myelography by the cisternal 
route. When this was performed, no evidence of subarachnoid block was noted; however, the 
is it passed through the cervical spinal canal. Another neurological 
findings, but the patient now had 


tn expanding cervical lesion 


intopaque was not observes 


p 
19, 1949, showed essentially the same 


examination on May 
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atrophy of the left deltoid, biceps, and brachialis. The left biceps reflex was markedly dimin- 
ished and the superficial reflexes, both abdominal and cremasteric, were absent. Myelography 
was repeated by the lumbar route revealing a constant filling defect at the fifth cervical-sixth 
cervical interspace with the characteristics of a herniated nucleus pulposus at this level (Fig. 
1-B) 

Laminectomy of the fifth, sixth, and seventh cervical vertebrae was performed on May 31, 
1949. The epidural fat was absent at the fifth cervical-sixth cervical interspace and the dura was 
firm and bulging posteriorly. The dura was incised in the mid-line and the arachnoid was opened 
laterally. The denticulate ligaments were cut at three segments to permit gentle retraction of 
the cord. The dura was opened anteriorly on the left side of the fifth cervical-sixth cervical 
interspace and a completely extruded fragment of the nucleus pulposus herniated through this 
incision in the dura. The interspace was cautiously curetted. Because of the swelling of the cord, 
the arachnoid was merely allowed to fall back into place and the dura was left open. The re- 
mainder of the wound was closed in the routine fashion. Postoperatively, the patient made an 
uneventful recovery with gradual return of strength in all the preoperatively paretic muscles. 


Neurological Service at University Hospital, Ann Arbor, Michigan, on August 4, 1955, com- 
plaining of right lower extremity numbness of four months’ duration. She had been in good 
health until October 1954 when she had first noted progressive fatigue. In April 1955 she began 
to drag her legs in a shuffling gait. One day her “legs tightened and toes curled up”, and she had 
to be helped to a chair suffering from a painless paralysis of both legs of ten minutes’ duration 
She was confined to her local hospital for the next ten days with a diagnosis of arthritis and 
hysteria. She finally improved to the extent that she could drag herself from one chair to 
inother. One day she became incontinent of bladder and bowel simultaneously, stiffness devel- 
oped in the right index and middle fingers, and numbness in her lower extremities. Further 
inquiry into her history disclosed that her last menstrual periods were in March 1954 and 
February 1955, and that since the latter date she had had a brownish vaginal discharge almost 
daily. There had also been a twenty-one-pound weight loss in the previous four months 
On physical examination the vital signs were normal. The only positive physical findings 
n impression of a fixed, deep pelvic mass and a liver palpable three centimeters below 


Case 2. G. F., a floor lady in a quilting factory, forty-eight years old, was admitted to the 


he 
5 


Ost il margin. 

The positive neurological findings were a stiffness on flexion of the right index and middle 
fingers with atrophy of the interosseus muscles and moderate paresis in flexion of both knees 
ind hips and in adduction of both hips. Fasciculations were observed in the deltoid muscle 
bilaterally and in the left anterior thigh muscles. Although vibration and position sense wer 
intact there was a level of hvpalgesia below the second thoracic dermatome on the right and 
the fifth thoracic dermatome on the left. She had bilateral hyperactive deep tendon reflexes, 
inkle and patellar clonus, together with upper and lower extremity pyramidal tract signs. A 
liagnosis of a spinal-cord tumor at the level of the sixth and seventh cervical segments was 
nade - 

Roentgenograms of the cervical spine showed slight hypertrophic spurring at the fifth 

il-sixth cervical and the sixth cervical-seventh cervical interspaces. Cervical myelography 
onstrated a central lesion extending between the fourth and seventh cervical levels with an 
ilmost complete blockage of the subarachnoid space (Fig 2-A). In the lumbar area there were 
defects at the third lumbar-fourth lumbar and fourth lumbar-fifth lumbar interspaces (Fig 
2-B). The cerebrospinal fluid removed at the time of myelography had a total protein content 
of 35 milligrams per 100 cubie centimeters 

On August 9, 1955, the patient had a complete laminectomy of the fifth, sixth, and seventh 
ervical vertebrae. The dura was opened in the mid-line, three pairs of denticulate ligaments 
were sectioned, and a mid-line mass protruding slightly to the right could be palpated at the 
~xth cervical-seventh cervical inte rspace, On ti insdural exploration i markedly degenerated 

uded intervertebral dise was removed bilaterally from this interspace and the wound closed 
i lavers. No evidence of any tumor was found 

Upon close questioning of the patient postoperatively, it was discovered that she had been 

loved in a quilting factory for about ten years and had been unloading machines sporadi- 
cally. This work consisted in permitting thirty to eighty pound bolts of cloth to drop on either 
shoulder. For the two years prior to her admission to the hospital this had been a continual 
rocess With approximately forty-eight such unloading episodes daily 

\ postoperative wound infection developed which extended to the level of the dura. This 
was drained and she improved; but later there was a recurrence of infection and tetraparesis 
developed. She was discharged in this condition in December 1955 and has had only partial 


covery of strength in her extremities since that time 


Case 3. P. C., a man, fortv-one vears old, was bowling one evening in 1947 when he observed 
that he was catching cold. Every time he coughed or sneezed he sustained a sharp radiating pain 
down the posterior aspect of both thighs ind le gs. On the following day he noted numbness along 


the lateral aspects of the leg and foot bilaterally. This bothered him sufficiently so that he saw a 
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Fic. 2-B 
Fig. 2-A: Case 2. Central myelographic defect is noted at the fourth cervical through the 
seventh cervical levels with an almost complete blockage of the subarachnoid space. 
Fig. 2-B: Mutiple defects were also noted in the myelogram at the third lumbar-fourth 
lumbar and fourth lumbar-fifth lumbar interspaces 


neurosurgeon who made a lumbar mye logram. It was normal and a di nosis of acute mvelitis 
was made, The patient sought consultation of a second neurosurgeon who re-examined him 
He made another lumbar mvyelogram which was also normal and confirmed the diagnosis of 
myelitis. In January 1948, the second neurosurgeon performed a cisternal myelogram in the 


upright position, which was reported to show a cupping at the fifth cervical-sixth cervical inter- 


space. Operation was apparently considered, but finally was rejected by the neurosurgeon. The 
patient stated that immediately after the last myelogram bladder and bowel impairment de- 
veloped which endured for a long interval 

In March 1949, he was seen by the author in another city. By this time he had a more severe 
neurological deficit. He now felt numbness to the mid-chest level but there was no pain. His gait 
had become more spastic and unsteady. Percussion over the entire spine caused no tenderness 
or radiating discomfort. He had weakness only in the interosseus muscles of the left) hand 
valuation of the strength in the lower extremities was difficult because of his marked spasticity 
ind clonus. Faseiculations were noted in the left thenar space. There was hypaesthesia up to the 
left seventh cervical dermatome and to the right fourth thoracie de rmatome. Touch was spottily 
preserved on the inner aspect of both legs and thighs, but vibration sense was retained. He had 
bilateral extensor plantar reflexes and a positive Romberg test. A herniated nucleus pulposus 
was postulated but the patient denied a history of any cervical trauma. 

The patient was admitted to St. Vincent Charity Hospital, Cleveland, Ohio, in March 
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1949. A lumbar puncture revealed a clear, colorless cerebrospinal fluid with a partial block of the 
subarachnoid space on jugular compression. The spinal-fluid protein at the time was 45 milli- 
grams per 100 cubic centimeters. A cervical myelogram following the instillation of pantopaque 
by lumbar puncture demonstrated a pronounced spindle-shaped defect at the fifth cervical-sixth 
cervical and the sixth cervical-seventh cervical interspaces (Fig. 3). The patient was repeatedly 
questioned about trauma and finally, after much thought, recalled that in 1938, eleven years 
before this hospital admission, he had been lifting a car bumper over another bumper in a 
parking lot when he suddenly felt an excruciating pain in the cervical region which radiated 
down his back and into both thighs and legs. He remained frozen in one position for five minutes 
and almost fainted. He had only minimal discomfort in his neck during the next few days and 
had completely forgotten this incident in the interim. 

On March 9, 1949, he had a laminectomy of the fourth, fifth, sixth, and seventh cervical 
vertebrae. No epidural fat was found in these regions; the dura was bound in firm scar tissue. 
Above and below this region was a 0.5 centimeter layer of epidural fat. The dura was incised in 
the mid-line and the arachnoid opened laterally. At the lower margin of the wound the denticu- 
late ligaments at the sixth cervical-seventh cervical interspace were taut, and they were in close 
approximation to the nerve roots. Bulging posteriorly was a firm, non-movable mass displacing 
the cord backward. Incision of the dura anteriorly exposed a firm, mid-line, protruded calcified 
intervertebral disc. Because of its fixed condi- 





tion, no attempt was made to remove the lesion, 
but the cord was decompressed by cutting the 
denticulate ligaments at three interspaces. The 
dura was left open and the arachnoid sealed off 
the dural incision in the mid-line. The wound 
was then closed in layers 

At the time of discharge from the hospital 
on March 27, 1949, there was a level of spotty 
hypaesthesia from the seventh thoracic to the 
second lumbar dermatome on the left and from 
the twelfth thoracic to the second lumbar der- 
matome on the right. He had touch preserved 
throughout, but vibration sense was absent to 
the level of the clavicles. All movements of the 
right lower extremitv were slightly weak. The 
spasticity in the lower extremities had dimin- 
ished for now patient was able to cross one 


leg over the t the knee i thing he had 
been unable to accomplish for two vears. Patella 


ind bilateral ankle clonus were elicited with 

extensor plantar reflexes. His gait was 

proved, for he could now lift up one foot 

the other while walking. Previously he had 

merely shuffled his feet in a spastic gait. His 
Romberg test, however, remained positive 


‘ase 4. A. I i woman, fortv-one vears old, 
was admitted to St. Joseph Mercy Hospital, 
Ann Arbor, Michigan, in January 1953, stating 





that she had had low-back pain for several years 
ind that in September 1952, during an attack of 
virus pheumonia, pain radiating down the pos- Case 3. Myelogram showing a marked 
terior aspect of the left thigh and lateral aspect spindle -shaped defect at the fifth cervical- 
sixth cervical and sixth cervical-seventh cer- 
vical inte rspaces, 


Fia. 3 


of the leg to the dorsum of the foot de Ve loped. 
This pain gradually increased in severity until 


had to remain in bed. The pain was incre ised 


she 
by coughing, sneezing, and straining at defecation. There was weakness in dorsiflexion of the left 
foot. On bending forward at the waist there was definite local tenderness to percussion in the 
lower lumbar area without any radiating pain. The straight-leg-raising test could be performed 
to 45 degrees on the right and 30 degrees on the left. Dorsiflexion of the left foot caused marked 
selatic pain. Dorsiflexion of the right foot caused radiation of pain into the left hip. She had 
hypalgesia over the left first lumbar dermatome. There was markedly increased deep reflexes 
bilaterally with a left extensor plantar reflex and bilateral pyramidal tract signs in her upper 
extremities. She had left ankle and patellar clonus. Because of the marked sciatica, a diagnosis 
was made of a possible herniated nucleus pulposus at the left of the fifth lumbar-first sacral 
interspace, but. because of the extensor plantar reflex on the left side and the bilateral positive 
upper-extremity pyramidal tract signs, it was felt that the patient must have some lesion more 
cephalad, possibly in the cervical region. Repeated questioning evoked no previous history of 
cervical-spine trauma; therefore, cervical spinal-cord tumor, herniated disc, or hypertrophic 
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Fig. 4-A: Case 4. Myelogram showing filling defects at the fifth cervical-sixth cervical and 
sixth cervical-seventh cervical interspaces. 
Fig. 4-B: The lumbar myelogram demonstrates a left fifth liambar-first sacral defect 


vertebral spur had to be considered. A mye logram demonstrated a filling defect at the fifth 
cervical-sixth cervical and the sixth cervical-seventh cervical interspaces (Fig. 4-A). There 
was also a demonstrable lesion at the left fifth lumbar-first sacral interspace (Fig. 4-B). On 
January 30, 1953, a laminectomy was performed on the fourth and fifth lumbar and the first 
sacral vertebrae, and a protruded dise was removed bilaterally from the fourth lumbar-fifth 
lumbar interspace. The patient’s postoperative course was uneventful with complete relief of 


the left, sciatic pain and the weakness in dorsiflexion of the left foot. 

Prior to operation the patient and her husband had been advised that she did have evidence 
of another lesion in the cervical region which had been confirmed by myelogram. The myelo- 
graphic appearance was that of either multiple mid-line cervical protruded discs or hypertrophic 
spurs rather than tumor. It was suggested that it would be well to observe the patient before 
exploring this area 

The patient was readmitted to University Hospital on March 2, 1954, at which time she was 
complaining of pain in her left arm, the left side of her neck, and the left side of her head. She 
stated then that she had noted these pains for about four years prior to this admission but 
she had not mentioned them in her previous history in 1953. Her left sciatic pain had been 
so severe that she had forgotten about her neck. The symptoms referable to the left side of 
the neck and the left arm were accentuated by coughing and sneezing She complained of 
severe occipital headache. Upon further questioning, the examiners found that the patient 
had sustained a fractured jaw in 1938 and had some neck pain at that time. On reviewing the 
1938 hospital chart, it was discovered that the patient had been unconscious for a pe riod of three 
days and, upon regaining her senses, had discomfort and tenderness to percussion over the 
fifth, sixth, and seventh cervical spinous processes. 

On examination she had equivocal weakness of the left lower extremity. Hypalgesia was 
noted in the left forearm just above the wrist to the elbow on the ulnar aspect and at the end 
of the insertion of the deltoid muscle on the radial side. She also had decreased pain on the 
medial aspect of her left foot. There was a questionable Hoffmann reflex on the left and an 
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equivocal extensor plantar reflex on the right. Straight-leg raising was possible to 75 degrees 
on the left. She had tenderness over the lower cervical and upper thoracic spine 
On March 3, 1954, laminectomy of the fifth, sixth, and seventh cervical vertebrae was per- 
formed with decompression of the fifth, sixth, and seventh cervical-nerve roots. At the time 
of the operation it was felt that the left seventh cervical-nerve root was unusually stretched 
by the denticulate ligament and the latter was cut. The nerves making their exit through the 
left fourth cervical-fifth cervical and fifth cervical-sixth cervical foramina were bound in sea 
tissue and compressed by calcified intervertebral-dise fragments and bony exostoses. These 
nerve roots were released by chiseling away the bone. The patient tolerated the procedure well. 
On follow-up examination three months later the patient was asymptomatic and well pleased 
with the result of the operation. She still had a Hoffmann’s sign on the left with hyperactive 
left-sided deep reflexes. She was discharged to return to work. 


DISCUSSION 


Cases 1 and 2 illustrate how repeated stresses such as those incurred in the 
patient’s everyday occupation may cause a complete extrusion of a cervical dise 
with many signs and symptoms of a degenerative or neoplastic lesion. The fact 


that several well trained men, neurologists and neurosurgeons, minimized the possi- 
bility of a surgical lesion, suggests the importance of presenting these cases. In Case 
1 a diagnosis of amyotrophic lateral sclerosis was made, and in Case 2 the lesion 
was thought to be a spinal-cord tumor. 

In Case 3 the onset of neurological symptoms and disability, pain and numb- 
ness in the lower extremities, resulted from a chronic cervical lesion with no symp- 
toms directly referable to the involved area. As a result of two negative lumbar 
myelograms a diagnosis of acute myelitis was made by two certified neurological 
surgeons. 

In Cases 1 and 3 both of the cervical lesions would have been confirmed much 
sooner, if the lumbar route of dye instillation had been used primarily rather than 
cisternal myelography employed with the patient in a sitting position. Earlier diag- 
nosis might have prevented so marked a degree of neurological disability. 

Cases 3 and 4 demonstrate that there may be such a long interval between the 
single traumatic incident and the occurrence of symptoms caused by the lesion that 
the injury may be completely forgotten. 

In Cases 2 and 4 the fact is clearly emphasized that the patient who has an 
injured intervertebral dise in the cervical area may also have one elsewhere in the 
spine, possibly in the lumbar region or vice versa. 

The value of procuring a comprehensive history and of performing a complete 
neurological examination on the patient with an acutely herniated lumbar dise is 
well illustrated in Case 4. The presence of pyramidal tract signs on the routine 
examination led to the discovery of a chronic herniated nucleus pulposus and asso- 
ciated hypertrophic spurs in addition to the extruded lumbar dise. Suspicion of 
such a lesion is important so that myelography may include the cervieal as well 
as the lumbar area. If a cervical defect is encountered, both the patient and rela- 
tives may be advised that the patient may require not only a lumbar operation but 
also a cervical exploration at a later date. In this patient the changes in the 
cervical spine and intervertebral dise were located at the site of injury incurred 
sixteen years previously. Although the patient had forgotten the extent of the 
trauma, the 1938 hospital chart indicated that the cervical damage at that time was 
most likely the precursor of her later symptoms. 

Conversely in Case 2 although a herniated cervical intervertebral dise was 
discovered, the definite lumbar myelographie defect suggested the possibility of 
protruded lumbar intervertebral dises. However, it is unlikely that this patient 
will have symptoms referable to the lumbar area in view of the severe degree of 
neurological deficit which resulted from the postoperative wound infection. 

In all of the patients reported here chronic neurological signs secondary to 
intervertebral-dise protrusion have developed. As noted elsewhere *, the dentieu- 
late ligaments prevent the spinal cord from being displaced posteriorly by the 
calcified protruded disc. As a result the dise lesion produces an area of direct stress 
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on the anterior portion of the cord, perhaps causing some loss of pain and tempera- 
ture. However, there are also areas of stress just posterior to the attachments of the 
denticulate ligaments which account for the impairment of the lateral cortical spine 
tracts with the resulting spasticity, paresis, or paralysis. Motion, position, and 

ibration sense are preserved since there has been no compression of the posterior 
columns against the posterior bony portion of the canal. Painful symptoms were 
absent. A certain amount of clinical recovery may be secured merely by sectioning 
the denticulate ligaments in some of these patients, permitting the spinal cord to 
move freely in a posterior direction **°. In more recent years, however, it has be- 
come my policy to employ a more radical type of operation which ineludes, if pos- 
sible, not only sectioning of the denticulate ligaments but removal of the injured 
intervertebral dise and the hypertrophic cervical spur with the aid of fine oral 
surgery chisels and gouges. The results seem to indicate a better long-range prog- 
nosis for these patients 


SUMMARY 

Four cases of ruptured cervical intervertebral dises are presented which, fol- 
lowing a single traumatic episode or multiple recurrent injuries, showed symptoms 
and signs of the chronic anterior cervical spinal-cord injury or compression syn- 
drome. These lesions were diagnosed as amyotrophic lateral sclerosis, spinal-cord 
tumor, acute myelitis, and spinal-cord compression due to hypertrophie arthritic 
spur. Earlier recognition and treatment would undoubtedly have prevented neuro- 
logieal disability 
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Chronic Neurological Sequelae of Acute Trauma 
to the Spine and Spinal Cord 
Part IV 
PROBLEMS PERTAINING TO THE TREATMENT OF RETAINED FOREIGN BODIES 


BY RICHARD C, SCHNEIDER, M.D., AND EDGAR A. KAHN, M.D., ANN ARBOR, MICHIGAN 


From the Section of Veurosu gery De partment of Su qe "ie nave ity of Miel wan 
Vedical School and Hospital. Ann Arbo 


Before the advent of the sulfanilamides and antibiotics there was a tend- 
ency to treat penetrating wounds of the spine and spinal cord conservatively 
provided there was no leak of cerebrospinal fluid or evidence of indriven bone 
fragments. There was constant fear of spreading infection and the dangers of 
epidural abscess, meningitis, and death. Consequently some of the foreign bodies 
would lie in situ for many years before causing either the development of pro- 
gressive neurological symptoms or possibly flare-up of an old, chronic inflamma- 
tory reaction. Two patients who were wounded by bullets and one who had re- 
ceived a stab wound vears before seeking any medical care are presented as 
illustrations. 

Key and Conwell maintained that removal of missiles was unnecessary since 
heat generated by the high velocity sterilized a bullet entering the body. This 
theory was well refuted in a report published by MaeCarty and Mendelsohn. 
Their patient had been shot in the cervical region in 1901 and fifty years later, 


while cranking a car, felt a snap in his neck. A draining sinus had developed and 
the retained foreign body was discovered on roentgenographiec examination. A 
foreign body may be present for years before its presence is manifested by signs 
and symptoms of infection. Since the antibiotics frequently are bacteriostatic 
rather than bacteriocidal, there is a chance that more of these patients with latent 
infections due to foreign bodies may be seen in the future. Although a metallic 
missile undoubtedly sterilizes itself it may introduce into the wound clothing and 
other material which are not sterile. 

In 1950 Helfer reported two cases of prolonged spinal-cord compression of 
traumatie origin in which improvement of the patient’s condition occurred follow- 
ing late surgical intervention. In one patient a 0.22 caliber bullet was recovered 
from the cervieal region three and one-half years after injury with subsequent 
postoperative neurological improvement. Helfer stressed the fact that surgical 
intervention should be resorted to if diagnostic procedures showed a compression 
of the cord regardless of the interval elapsed from the time of injury 


CASE REPORTS 


Retaine d Missiles 

Case 1. F. B., an inmate of Southern Michigan Prison, fifty-six vears old, sustained a 
gunshot wound of the upper thoracic region in 1918. He was immediately totally paralyzed 
below the level of the rib margins, but after an interval of several weeks he gradually made 
. complete recovers 

While working as a janitor on September 26, 1950, thirtv-two vears after having received 
his wound, the patient fell down a flight of stairs on his buttocks. Progressive weakness 
developed in the lower extremities but he had no incontinence of either bladder or bowel 
Neurological examination twenty-four hours after the fall showed that although hypalgesia 
ind hypaesthesia were elicited to the level of the right fifth thoracic dermatome there 


was no sensory impairment on the left. He had marked weakness, spasticity, hyperreflexia 
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and clonus in the left lower extremity, minimal weakness in all muscles of the right lower 
extremity, and bilateral extensor plantar reflexes. 

Roentgenograms of the thoracic spine revealed a retained foreign body just to the 
left of the third to fourth intervertebral space. The bullet was encapsulated in an osseous 
coating and protruded into the spinal canal (Fig. 1). Two months following the fall the 
patient observed improvement in strength and control of the extremities. He had a level 
of hypalgesia and hypaesthesia to the right seventh thoracic dermatome. Weakness in the 
left lower extremity remained unchanged and there was a left extensor plantar reflex. Lum- 
bar puncture disclosed a clear, colorless cerebrospinal fluid with no evidence, on manometric 
testing, of a subarachnoid block. The total protein of this fluid was thirty milligrams per 
100 cubic centimeters. The patient refused operation for removal of the foreign body. 

On January 3, 1951, he was discharged from the hospital to his cell block where he was 
placed on limited duty prison routine until his release, January 29, 1954, and was then 
lost to follow-up. 


Case 2. W. B., a Southern Michigan Prison inmate, fifty-five years old, was shot in the 
right upper quadrant of his abdomen in 1944. Immediate, complete paralysis of his trunk 
and beth lower extremities developed with a sensory deficit to the level of the waist. After 
two or three weeks he began to feel severe pain in both feet but gradually regained suffi- 
cient strength in both lower extremities for walking. 

Nine years later, in August 1953, following a fall on his buttocks, the patient began 
complaining of sharp pain which radiated down the lateral border of the right thigh, the 
calf, and into the great toe. His discomfort was increased when straining at defecation 
and by urination. He had never suffered from any severe pain in the left leg. However, he 
had marked weakness in both dorsiflexion and plantar flexion of his left foot and complete 
paralysis of the extensor hallucis longus with toe-drop, a symptom which had become 
progressively worse. Atrophy was observed in the muscles of the left calf, thigh, and buttock. 
He exhibited hypaesthesia and hypalgesia in the left fourth lumbar dermatome and right 
fifth lumbar and first, second, third and fourth sacral dermatomes. Roentgenographic exami- 
nation of the lumbar spine revealed a retained foreign body at the third to fourth inter- 
vertebral space on the left side (Fig. 2-A). A lateral view roentgenogram disclosed the 
retained foreign body, completely surrounded by bone, in the overlying lamina of the third 
o fourth (lumbar) intervertebral space at the posterior margin of the spinal canal (Fig. 


2-B). A lumbar puncture was performed but there was no evidence of subarachnoid-space 
block. The cerebrospinal fluid total protein was seventy milligrams per 100 cubic centi- 
meters. A myelogram showed an irregular filling defect at the space between the third and 
fourth lumbar vertebrae—the site of the bullet—suggesting arachnoiditis extending upward 
to the level of the second lumbar vertebra and downward to the level of the fourth lumbar 
vertebra (Fig. 2-C). 

On August 24, 1954, the patient underwent complete laminectomy of the second, third, 
fourth, and fifth lumbar vertebrae. At the level of the third lumbar vertebra the foreign 
body was found imbedded in the hyperostotie third lumbar lamina. The left side of the 
cauda equina Was severely compressed, When excising the bone fragments, pronounced 
encroachment was noted anteriorly on the left of the spinal canal. The scar was dissected 
from the dura mater and nerve roots. The sumbar-nerve roots were completely decompressed 
it the spaces between the third and fourth lumbar, fourth and fifth lumbar, and fifth lumbar 
to first sacral vertebrae bilaterally. A bilateral extradural exploration of the lumbosacral-joint 
space revealed no herniated nucleus pulposus. Upon opening the dura mater in the mid- 
line, a marked arachnoiditis was encountered which almost completely obliterated the sub- 
irachnoid space. The marked scarring posteriorly at the level of the spaces between the 
third and fourth and fourth and fifth lumbar vertebrae could have accounted for the 
ipparent anterior compression of the cauda equina seen in the lateral view myelogram. In 
ittempting to open the dura mater and separate the markedly scarred nerve roots intra- 
durally, it was soon apparent that there was serious danger of interrupting motor fibers 
Further dissection of these structures was deemed inadvisable, and the wound was closed 
in lavers. After removal of the bullet at the space between the fourth and fifth lumbar 
vertebrae the nerve roots at this site and adjacent levels seemed to be well decompressed 

The patient was last seen by an orthopaedic surgeon on July 9, 1955, at which time 
it was revealed that he had residual muscle weakness in his left leg and was unable to 
push off with his left foot. This leads us to believe that he had residual left foot-drop 
The pain in the right leg had been completely relieved 

The prisoner disappeared shortly after clearing parole on March 21, 1958. 


In both patients (Cases 1 and 2) bullets had initially caused a marked neuro- 
logieal deficit which partially subsided after a brief interval. However, after a 
period of years another injury caused a recrudescense of the neurological symp- 
toms and signs. 

In Case 1, the patient was fortunate to have survived the gunshot wound in 
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Fig. 3-A: Case 3. Anteroposterior-view roentgenogram showing the remnant of knife blade 

it the fourth thoracie vertebra lving almost in the center of the spinal canal 

Fig. 3-B: Lateral-view roentgenogram (retouched) exhibiting the length of the blade. (Re- 
ed by permission from “Asymptomatic Transfixion of Spinal Cord by a Knife Blad 

f a Case.” By Rafael Castillo and EF. A. Kahn. J. Neurosurg., 7: 179-182, 1950. Spring- 

nois, Charles C. Thomas, 1950.) 


1918 for meningitis and osteomyelitis were dreaded complications. During that 
presulfanilamide and preantibiotic era débridement might have caused his death 
through spread of infeetion 

Bone healing occurs best when immobilization is present and in the thoracic 
area there is considerable stabilization of the spine by the thoracic cage. As a 
result, in the patient in Case 1 fairly solid healing took place without too great 
bone overgrowth. This is extremely fortunate for there is proportionately less 
available space for the neural elements in the thoracic area then in other parts 
of the spinal canal. On the contrary, in the patient in Case 2 the bullet was 
lodged in the lumbar area where mobility is greater and consequently healing 
oceurred with considerable osseous overgrowth and associated adhesions causing 
arachnoiditis and cauda equina compression. A greater degree of recovery may 
be expected in the region of the cauda equina for regeneration in nerve roots 
may occur if the anterior nerve neurilemmal sheaths have remained in continuity 
and there has not been complete neural destruction. 


Old Stab Wound of the Spi al Cord 


Case 3*. H. S., a Negro man, forty-three years old, entered the University Hospital 
November 27, 1948, complaining of gradually progressive weakness of the left leg and 
increasing difficulty in the sexual sphere for nearly three years 

He had been stabbed in the back twenty-three years prior to admission. He had been 
ible to walk to an automobile and was driven to a physician’s office. There had been con- 
siderable loss of blood but no pain, paralysis, or other disabilitv. On the following day he 
noted constant pain in the upper part of the back radiating through to the chest. It was 
not known whether he had fever at any time. He did not have a headache, stiff neck, o1 
hotophobia. Five weeks later the patient was able to return to light work. His left leg 
was slightly weak, but this disability completely disappeared three months after the injury 
ind he was able to return to heavy labor 


This case was reported by Rafael Castillo and E. A. Kahn. Jn Asymptomatic Transfixion 
of Spinal Cord by a Knife Blade. Report of a Case. J. Neurosurg., 7: 179-182, 1950. Springfield 
Illinois, Charles C. Thomas. Its inclusion is by kind permission of the authors and publishers 
An addendum is also prese nted 
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No difficulty was experienced for thirteen years at which time he noticed that while 
dancing his coordination was not so good in his left leg as it was in the right. His sexual 
activity had remained normal until three years prior to admission when he noted that 
orgasm was more difficult although there were erections with normal voluptuous sensation. 
Simultaneously he noted increasing stiffness and weakness of the left leg which gradually 
progressed so that he walked with a limp. He had no urinary difficulty 

On examination the cranial nerves were intact. He had hypalgesia and hypaesthesia to 
the level of the fourth thoracic dermatome, which seemed more definite on the left side 
than the right. His deep pain sensation was diminished bilaterally, being more marked on 
the left side. Vibration sense was absent in the left ankle and diminished in the right. Position 
sense was intact bilaterally. Combined skin writing was recognized poorly throughout the 
entire trunk and extremities 


The patient walked with a distinct limp, having ecircumduction gait of the left leg 
He had spastic monoplegia of the left lower extremity with atrophy and myokymie move- 
ments following exercise. He performed coordination tests with some ataxia on the left 
heel-to-knee test, probably as a result of weakness. The Romberg sign was within normal 
limits. The anal sphincter was intact. The deep reflexes were normal in the upper extremi- 
ties but there was svmmetrical hvperreflexia of the lower extremities with bilateral positive 
extensor plantar reflexes and left ankle and patellar clonus. Lumbar puncture was not per- 
formed. 
foentgenograms made of the thoracic Spine showed a fore ign body (broken knife blade) 
measuring approximately three inches in length, at the level of fourth thoracic vertebra, 
projecting through the spinal canal to the posterosuperior aspect of fourth thoracic vertebra, 
and Iving just to the left of the mid-line (Figs. 3-A and 3-B). 

At operation the fourth and fifth thoracic vertebrae were exposed 4 discoloration was 
noted just to the left of the fourth spinous process. The upper part of the knife blade was 
exposed, grasped with forceps, and extracted with a moderate amount of force. A gush of 
dirty, rusty fluid was followed bv a flow of cerebrospinal fluid. A meningocele sac had 
formed around the knife blade The lamina of the third thoracic vertebra was removed 
exposing normal dura mater. Laminectomy was extended through the fifth thoracie vertebra 
where a mass of scar tissue was adherent to the dura mater in the mid-line—the site wher 
the knife had been extracted. The dura mater was opened caudad without opening the 
irachnoid, and the scarred dura mater was excised leaving the arachnoid intact. A mass of 
gravish-black sear tissue seen in the center of the cord seemed to be well enc ipsulated form- 
ing a sinus tract. The surrounding cord was softened and yellowed. A mass (08 by 2.0 
centimeters) resembling a small, mid-line intramedullary tumor was completely removed 
There was a defect, about four millimeters in length, in the spinal cord posteriorly, exactly 
it, the mid-line. A small instrument could be passed through this defect downward to the 
interior dura mater It ippe ired as though the poster1or columns had_ been completely 
destroved. The lateral columns seemed intact. The attachment of one dentate ligament was 
divided so that the cord could be thoroughly explored. There was no question that the 
knife had passed completely through the center of the spinal cord. After careful hemostasis 
the upper and lower parts of the dural incision were closed, leaving a small defect which 
was covered with two separate lavers of gelfoam. The wound was then closed in layers 

The patient did well postoperatively. He was able to move both legs although there 
was marked spasticity. Loss of vibration, position sense, deep pain, and skin writing per- 
ception was observed. His superficial touch was intact, but temperature and pain sensation 
were absent to a fourth thoracic dermatome level. There was retention of urine and he 
was maintained on intermittent bladder irrigation-drainage for six days after which there was 
normal bladder function. The patient was discharged twenty days after operation. He still 
had considerable weakness in both lower extremities but was able to walk with some 
issistance. At the time of re-evaluation, seven months after operation, he could walk by 
himself using one cane although there was some spasticity in both legs, perhaps most marked 
on the left. He had no extensor plantar reflexes bilaterally. Vibration and position sensa- 
tions were present over the lower extremities. He had residual analgesia and thermodysaes- 
thesia to the fourtl 


thoracic dermatome level. He had erections without orgasm, and had 
good sphineter control. Fourteen months postoperatively he no longer needed a cane to 
walk on a flat surface. There was no improvement in his sensory status and sexual function 

Approximately six vears later, on September 9, 1954, the patient was readmitted to 
University Hospital complaining of anorexia and abdominal fullness and tightness. He had 
vomited and had not had a bowel movement for three davs. There was slight pain in the 
shoulder thirty-six hours prior to hospitalization. He had had no chills, fever, or night 


sweats. His blood pressure was 127 svstolie and 76 diastolic, the pulse rate SS per minute, 


ind the respiratory rate 22 per minute. His lungs were clear on auscultation and his dia- 
nhragms high but moveable. He had marked abdominal distention, absence of bowel sounds 
no palpa yle mass ind no lo« ilized or rebound tenderness fectal examination was within 
normal limits. On neurologi il ev iluation he had hypalge sia and hvpaesthesia to the sixth 
thoracic dermatome bilaterally. Position, vibration, and motion sense were present. He had 
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bilaterally hyperactive patellar and Achilles-tendon reflexes and a left extensor plantar reflex 
Strength was markedly diminished in his left lower extremity and slightly reduced in the 
right one. His white blood count was 17,750. The urine contained an excessive amount of 
white blood cells \ roentgenogram of the chest showed a bilaterally elevated diaphragm 
The flat roentgenographic plate of the abdomen revealed small bowel distention. 

On September 9 a long intestinal tube was inserted and the bowel decompressed bv the 
removal of 250 cubic centimeters of vellow fluid. The patient was given a barium enema 
which showed obstruction to retrograde flow at the splenic flexure. Later in the dav a right 
cecostomy was attempted, and upon opening the abdomen frank pus was obtained from a 
perforated gungrenous ippendix. No obstruction of the colon was found. The postoperative 
course was complicated by a right pleural effusion and postoperative atelectasis; however 
on September 23, 1954, the patient was discharged from the hospital in good condition 

This case demonstrates that not only may a patient with a stab wound of 
the spinal cord live for many years before progression of symptoms occurs, but 
also indicates the importance of realizing that following such an injury pain 
sensation may be completely lost and that this loss may mask an acute abdomi- 
nal catastrophe 

Antonelli re ported removal of a knife blade from the thoracie spinal canal 
thirty-six years after the patient was stabbed. Jones presented a similar case 


twenty years after injury. In both of these instances the knife blade traversed 


the spinal canal without entering the substance of the eord and was removed 
at the time of laminectomy. Nina-Rodrigues published a ease similar to Case 3 
in which a file penetrating the spinal cord almost divided the lumen of the canal 
Into two openings The patient survived for twenty-eight years, finally dying of 
nephritis. According to the literature the man in Case 3 is apparently one of 
the few patients with an old stab wound to survive for a prolonged period, b« 
operated upon, and to continue to live in an improved physical status. 

In each one of the patients previously mentioned, a dirty gray or black stain- 
Ing ol the cord was noted at the site of the stab wound. This was believed to be 
due to iron pigmentation, and dirty or rusty cerebrospinal fluid was found at 
the site of the wound. In discussing operative procedure on patients with late 
stab wounds of the spine and spinal cord, Rand and Patterson indicated that 
these patients may be helped “. . . by removal of thickened membranes and seat 
tissue about the cord at site of injury.” 


SUMMARY 


The three cases herein reported demonstrate that early careful surgical re- 
moval of foreign bodies from the spinal canal with associated preoperative and 
postoperative antibiotic therapy is desirable in order to prevent chronic infection 
or increased bone overgrowth with its attendant spinal-cord compression. 
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The Effect of Total Body Irradiation on Bone 


Transplants in Parabiosed Animals *t 


BY WILLIAM F. ENNEKING, M.D., JACKSON, MISSISSIPPI, 
AND AVRUM GRATCH, B.SC., CHICAGO, ILLINOIS 


Previous studies in unselected female rats have shown that large fresh homog- 
enous-bone transplants evoked a low-grade inflammatory response in the host 
tissues about the transplant °. This inflammatory response appeared between the 
seventh and fifteenth day after transplantation and became intense between the 
fifteenth and thirtieth day. After this period the intensity gradually abated but 
the inflammatory response persisted as a chronic granulomatous reaction until 
the transplant had been destroyed. In approximately two-thirds of the animals 
studied this inflammatory response effectively sequestered the transplant and pre- 
vented incorporation and replacement of the transplant by the host. 

Fresh homogenous-bone transplantation was repeated employing the same 
donor and recipient animals. In those animals who had produced an inflammatory 
response to the first transplant, the second transplant evoked a more violent in- 
flammatory response. The second response in these presensitized animals was more 
abrupt, more destructive, and more persistent than the original inflammatory 
reaction. 

This sequence of events parallels closely the results obtained by other in- 
vestigators employing primary and secondary skin transfers '. 

Animals were surgically joined and large fresh homogenous-bone transplants 
exchanged between members of the union. An acute inflammatory response se- 
questered the transplant in over 80 per cent of the animals. This inflammatory 
response closely resembled, in time and intensity, the inflammatory response ob- 
served in the presensitized animals who receive second transplants. Although one 
cannot precisely quantitate histological interpretation, a graphic summary of this 
work shows the general relationship between homogenous, presensitized homog- 
enous, parabiotic, and control autogenous transplants (Chart I). 

The rejection of homogenous transplants has received intensive study. The 
majority of investigators 71417 conclude that the rejection mechanism resem- 
bles an antigen-antibody reaction. The homogenous transplant acts as the antigen 
The precise constituents within the transplant which possess antigenic potency 
have not been determined. Although the defensive mechanism by which the host 
animal rejects the transplant is not known, the manner in which the transplants 
are rejected, the time at which they are rejected, and the repeated rejection of the 
same transplants at decreasing time intervals suggests that the host forms an 
acquired specific rejection mechanism against the transplant. 

Many studies have been carried out in an attempt to show circulating anti- 
bodies formed against homogenous transplants. The great majority of these in- 
vestigations have failed to demonstrate such antibodies !*. These antibodies, found 
in the plasma proteins, presumably combine with the antigenic material within 
the transplant *. The reaction of this combination then produces a local inflam- 
matory response which obliterates the blood supply to the transplant resulting 


fead in part at the Annual Meeting of The American Academy of Orthopaedic Sur- 
geons, Chicago, Illinois, January 26, 1957, and at the Annual Meeting of The American 
Academy of Orthopaedic Surgeons, New York, N. Y., February 5, 1958. Given the Kappa Delta 
Award for Research in Orthopaedie Surgery 
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in necrosis. Bonfiglio has demonstrated a weak titer of circulating antibodies in 
animals that had been immunized with extracts of homogenous bone. No relation- 
ship between these antibodies and the rejection mechanism was established. 

Other investigators felt the rejection mechanism may occur as the result of 


cellular hypersensitivity '*. In this phenomenon no circulating antibodies can be 


identified with any technique now available. The tuberculin reaction is an example 


of cellular hypersensitivity 


ed from The Journal of Bone and Joint Surgery, 39-A: 598, June 1957). 
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Whether one or both of these mechanisms is responsible for the rejection of 
the homogenous transplant has not been established. Investigation has shown that 
total body irradiation does suppress the production of circulating antibodies '*; 
its effeet on cellular hypersensitivity is less certain. The survival of homogenous- 


skin transplants has been prolonged in mice and rabbits that received total body 


irradiation prior to receiving the transplants +". Presumably, this enhancing phe- 
nomenon is related to the suppression of the immunological defensive mechanism 
in the irradiated host. 

The present experiments were made to determine the effect of total body ir- 
radiation upon the survival of homogenous-bone transplants exchanged between 
surgically united rats. 

Parabiosis was originally described by Bert in 1864 (Fig. 1). He felt that 
one partner acted as the donor and one as the recipient and that this procedure was 
homogenous-bone grafting. He determined that the rat was the most complex ani- 
mal in which long-time survival followed surgical parabiosis. Bert showed by 
intravenous injection of dyes that a common circulation existed between the joined 
animals. He, however, did not record the mortality rate of the animals used in 
this procedure. 

Parabiosis is produced by establishing a common peritoneal cavity, suturing 
the adjacent scapulae, and joining the dorsal and ventral skin flaps. The animals 
so united tolerate this procedure well and live in harmony for the first ten post- 
operative days. In the following ten days there may develop a condition known as 
parabiotic intoxication in which one member of the union becomes smaller, anae- 
mie, emaciated, and may die. Examination of both partners following death of 
one from parabiotic intoxication reveals in the surviving animal a great increase 
in the lymphoid tissue while in the intoxicated animal there is extreme atrophy 
of the ly mphoid tissue and the adrenal vlands 19 This intoxication is thought to be 
a constitutional incompatibility manifested by an immune reaction ¢ 

Parabiotic intoxication causes death of one member in 65 to 70 per cent of 
the unions when rats of the same sex, but selected at random, are used. When 
littermates are selected for members of the union the incidence of fatal para- 
biotic intoxication is reduced to 30 to 50 per cent ®*. 

Animals that survive the initial immunological response to one another flour- 
ish and may live harmoniously In parabiosis as long as two years Delayed para- 
biotic intoxication occurs, but is unusual. There is a common circulation between 
parabiotie partners. This has been redemonstrated by injection of foreign red 
blood cells, injection of radiopaque substances, and injection of isotope-tagged red 
blood cells. It has been determined quantitatively that 0.66 per cent of the blood 
volume per minute is transferred from one animal to the other 7°. 

Parabiosis has been employed as an experimental tool in many physiological] 
investigations in which humoral transmission plays a part. Evidence from these 
diverse experiments relates to the problem of homogenous-tissue transplantation 
It has been shown that biologically active antibodies pass Irom one member of a 
parabiotic union to the other. This transfer of antibodies has been utilized in 
the study of active and passive immunity in various infectious diseases 1°. 

Parabiosis has also been directly employed in the study of transplantation 
When animals of the same genetic strain are used in parabiosis the union thus 
formed is referred to as an isogenic union. These unions are produced by Joining 
littermates of inbred strains. Kamrin has shown that renal transplants between 
surgically united littermates survive and function When animals which are se- 
lected at random and are genetically unrelated are joined in parablosis their sur- 
vival rate is low. The unions thus produced are termed non-isogenic parabionts. 
Renal transplants exchanged between non-isogeni¢c parabionts are obliterated in 
S$ It appears then that 
isogenic parabionts do not form a rejection mechanism against transplants Irom 


an accelerated fashion by an acute inflammatory reaction 


their partners while non-isogenic parabionts form an accelerated rejection mech- 
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anism. Work cited earlier® has also 

shown an accelerated rejection mech- 

anism between non-isogenic para- 

bionts in response to bone transplants. 

In light of the previously cited in- 

vestigations it was felt that if one 

member of a non-isogenic parabiotic 

union received total body irradiation 

while the other member was shielded 

from the x-rays, a situation would exist 

in which the non-irradiated animal 

would be capable of producing a rejec- 

tion mechanism against its partner 

while the irradiated animal would be 

incapable of forming this mechanism. 

If a relationship exists between anti- 

body formation and the accelerated 

inflammatory response to homogenous- 

bone transplants there might be a de- 

tectable difference in the host response 

to transplants in this experimental 

situation. The irradiated animal, being 

immunologically paralyzed, should be 

incapable of forming a rejection mech- 

Full circumference femoral-shaft transplant anism against the homogenous trans- 

reproduced from The Journal of Bone and plant. The non-irradiated animal, be- 

Joint Surgery, 38-A: 598, June 1957). ing immunologically active, should 

show the previously ce scribed accelerated i flammatory response to the homog- 
enous transplant. 

The variables in this experiment were the amount of depression of the re- 
jection mechanism produced by the dose of irradiation, the degree of incom- 
patibility of the animals selected as partners for parabiosis, and the effect of 
radiation upon bon repall The variability of the depression of the immuno- 
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logical mechanism was minimized by giving heavy and regularly repeated doses 
of radiation. 

The incidence and site of fatal parabiotic intoxication furnished a control 
for the effectiveness of the dosage. 

Animals selected at random and produced by random mating were used as 
partners to minimize the chance occurrence of isogenic pairs. The animals were 
tested by skin transplants after the completion of the bone transplants for iso- 
genicity. 

Comparison of the non-irradiated and the irradiated animals served as a 
control in evaluating the effect of radiation upon bone repair. 


METHOD 


One-hundred-gram female Sprague-Dawley rats received total body irradia- 
tion as follows: 

Target distance, fifty-five centimeters; filtration, 0.5 millimeter copper and 
one millimeter aluminum; energies, 250 KVP—17.5 milliamperes; dose rate, 57.6r 
per minute; dose delivered, 100r; and time, one minute, forty-four seconds. These 
animals were surgically united with non-irradiated rats of the same size and sex 
forty-eight to seventy-two hours following their initial irradiation. The dose of 
total body irradiation was repeated at seven-day intervals throughout the course 
of the experiment to the irradiated member of the union while shielding the non- 
irradiated animal. Full circumference sections of the femoral shafts with attached 
periosteum were exchanged twenty-four to thirty-five days after parabiosis and 
immobilized by an intramedullary wire (Fig. 2). Full-length sagittal sections of 
the femur were subsequently obtained by disarticulation at the hip and prepared 
for histological study. 

The surviving surgically united animals were maintained for six months or 
longer without radiation following completion of the bone experiments. They were 
then surgically separated in such a fashion that a broad-based pedicle of skin and 
subcutaneous tissue from one animal was incorporated as a portion of the in- 
tegument of its partner (Fig. 3). 

RESULTS 


A total of 373 parabiotie unions were prepared. One or more members of 


eighty-one unions died of shock or overdose of anaesthesia. In sixty-one unions, 


one or both members died from infection, evisceration, or trauma. Of the remain- 
ing 231 unions, in ninety-nine, one member died of parabiotie intoxication between 
the tenth and twenty-first day after union. In all but three of these unions, death 
occurred in the irradiated member. The incidence then of fatal parabiotic intoxi- 
cation in those animals who survived ten days was 43 per cent. The animals in 
ten unions died twenty-one days after union of infection or unknown causes. Thus, 
of the original 373 unions, the animals in 118 survived and had bone transplants 
exchanged between them. Of these animals, 104 preparations from fifty-two pairs 
were studied. 

There was no detectable difference in the healing of the clean surgical wounds 
produced by parabiosis or transplantation in the irradiated animals as com- 
pared with the non-irradiated animals. There was, however, a significant increase 
in the incidence of indolent wound infections in the irradiated animals. 

Histological studies of the bone preparations obtained prior to seven days 
after transplantation showed no significant difference in response between the ir- 
radiated and non-irradiated animals. 

The preparations obtained from the forty-seven unions sacrificed after the 
seventh day and up to the 120th day following bone transplantation showed two 
divergent circumstances. 

In sixteen of the unions the irradiated animal did not produce an inflammatory 
response to the transplant while the non-irradiated animal did produce an in- 
flammatory response which was sufficient to sequestrate the transplant from the 
reparative processes (Figs. 4-A through 5-B). 
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Figs. 4-A and 4-B: Thirty-day irradiated parabiont 

1-\.: The low-power frame shows the transplanted cortex in the upper half of the frame 

with perioste il new bone along its outer margin. The host cortex in the lower half of the 

frame abuts the transplant cortex and also has new repair bone along its outer margin. The 

two areas of new repair bone which have formed in relation to both host and transplant bone 

ire united by an intervening zone of fibrocartilage which surrounds the host-transplant 
junction. No inflammatory response is seen 

Fig. 4-B: The higher-power frame shows the free margin of the transplant with the new 


periosteal repair bone united to it 


Figs. 5-A and 5-B: Thirty-day non-irradiated parabiont (partner of parabiont in Figs. 4-A 
ind 4-B) 

Fig. 5-A: The lower-power frame shows the transplanted cortex in the upper half of the 
frame enveloped in chronic inflammatory tissue. The host cortex in the lower half of this frame 
abuts the transplant cortex and is surrounded by periosteal repair bone on its free margin. The 
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transplant cortex is sequestered from the repair processes by the chronic inflammatory tissue 
encapsulating it. 

Fig. 5-B: The higher-power frame shows the transplanted cortex enveloped by chronic 
inflammatory cells. 











Fic. 6-B 


Figs. 6-A and 6-B: Thirty-day irradiated parabiont 
Fig. 6-A: The lower-power frame shows the transplanted cortex in the upper half of the 
frame with periosteal repair bone along its free margin. The host cortex in the lower half of 
this frame is also enveloped in periosteal repall bone. There is union of the repal bone about 
the host-transplant junction. No inflammatory response is seen 


Fig. 6-B: The higher-power frame shows the transplant cortex united to the new periosteal 
re ur bone 


In twenty-eight of the unions neither the irradiated animal nor the non-ir- 
radiated animal produced an inflammatory response to the transplant (Figs. 6-A 
through 7-B) 

There were three unions in which the irradiated animal produced an inflam- 
matory response. 

Twenty-four of the above forty-seven pairs survived six months after bi- 
lateral hip disarticulation. Separation with skin transplantation was accomplished 
in these animals. Fourteen animals died as an immediate result of the procedure 
Five animals showed necrosis of the transplanted skin within forty-eight hours 
of transfer. Four animals from two pairs accepted the skin from their partners 
with survival of the skin to the time of writing or to their demise (Figs. 8-A and 
8-B). Twenty-five animals showed survival of the transplanted skin for a period 
ranging from six to twelve days after separation. Inflammation then developed 
about the transplants and necrosis followed in three to five more days. Biopsies of 
these skin transplants made three to five days following separation and prior to 
the onset of necrosis showed patent vascular supply with no deep necrosis (Figs 
9-A through 10-B) 


DISCUSSION 


The decrease in the incidence of parabiotie intoxication from 70 per cent to 
13 per cent in this laboratory when one member was irradiated preoperatively 
agrees with the experience of other investigators ®*. This decrease is evidence of 
the effectiveness of total body irradiation in suppressing immunological reactions. 
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Fic. 7-B 

Figs. 7-A and 7-B: Thirty-day non-irradiated parabiont (partner of parabiont in Figs. 6-A 
ind 6-B). 

Fig. 7-A: The lower-power frame shows the transplant cortex in the upper half of the frame 
enmeshed in the new periosteal repair bone. The host cortex in the lower half of the frame is 
similarly enveloped by periosteal repair bone. The two areas of repair bone are united by a 
zone of fibroc irtilage at the host-tr insplant junction. No inflammatory response Is seen. 

hig. 7-B: The highe r-power Trame shows the ti insplant cortex united to the perioste il re peru 
hone. Note the beginning process of replacement and repair of the cortical bone from and by 
the periosteal repair bone 


Fic, 8-A e Fic. 8-B 


Figs. 8-A and 8-B: Acceptance of homogenous-skin transfer from a parabiotic partner. 

Fig. 8-A: The host skin below the sear and the transplanted skin above the scar nine days 
ilter separation 

lig. 8-B: The same area seventy-five days later. 
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Fic. 9-A Fie. 9-B 


Figs. 9-A and 9-B: Delayed slough of homogenous-skin transfer from a parabiotic transfer 
Fig 9-A: The host skin below the scar and the transplante d skin above the sear, three days 


after separation. ' n ; 
Fig. 0B: Biopsy specimen with the host skin in the lower half of the fram« and the trans- 


planted skin in the upper half of the frame. 
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Fra. 10-A Fic. 10-B 


-\ and 10-B: Delayed slough of homogenous-skin transfer from a_parabiotic 





10-4: The host skin below the scar (indicated with India ink) and the transplanted 
ibove the scar nine days aftet separation 
Fig. 10-B: Biopsy specimen with the host skin in the lower half of the frame and the trans- 
planted skin in the upper half of the frame 


It is worthy of note that 96 per cent of the fatal intoxications in these experiments 
occurred in the irradiated animals. 

The amount of radiation given during this period was less than 60 per cent 
of the lethal dose. In the study of radiation toxicity in animals there has devel- 


oped a large body of evidence pointing to a humoral factor which affords a 


ig- 
la 


nificant degree of protection, treatment, or both for animals that have receive: 
lethal dose of radiation. This factor is apparently elaborated by the spleen and 
transmitted by the blood stream '. It has been noted that the spleen of one mem- 
ber of a parabiotie union will afford protection to the other member following a 
lethal dose of radiation *. In rats this humoral factor permits regeneration of the 
hlood-forming elements following irradiation in approximately six days. In the 
absence of this factor death ensues from aplastic anaemia. In the present experi- 
ments the irradiated animal had the spleen of the other member of the union as 
added protection. It is felt that the high mortality in the irradiated animals is not 
the result of radiation toxicity. It appears more likely that the irradiated animal 
was the site of intoxication because of the intact rejection mechanism in the non- 
irradiated animal. Conversely, the non-irradiated animals may have eseaped in- 
toxication because the irradiated animal was ineapable of forming a rejection 
mechanism. 

The merease in indolent wound infection in the irradiated animals provides 
further evidence of the effectiveness of the irradiation dosage in suppressing the 
immunological mechanism. 


The absence of an inflammatory response to the homogenous-bone transplant 
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in over 95 per cent of the irradiated animals suggests there is a relationship be- 
tween the suppression of the rejection mechanism and the decreased incidence of 
inflammatory response to homogenous-bone transplant. 

The absence of an inflammatory response to the transplant in almost 60 per 
cent of the non-irradiated animals was unexpected. This finding might suggest 
that the incidence of inflammatory response to homogenous-bone transplants in 
untreated surgically united animals determined in a previous experiment (80 per 
cent) was too high. However, the total number of animals in each group in that 
experiment exceeded thirty, which is statistically significant above a 5 per cent 
level. A possible explanation might be that the suppression of the immunologic:.' 
response by irradiation is mediated through a humoral mechanism which is to 
some extent effective in both members of the union through their common circula- 
tion. 

Only a small number of animals survived irradiation, parabiosis, homoge- 
nous-bone transplantation, hip disarticulation, six months convalescence, separa- 
tion, and skin transplantation. This precludes a definite statement concernins. the 
number of isogenic pairs occurring in the animals selected at random. However, 
after release from the temporary immunological suppression, 86 per cent of the 
animals rejected exchange skin transfers. These animals had been surgically united 
for periods of nine to seventeen months. This would suggest that the random se- 
lection of animals did produce a high percentage of non-isogenic pairs. In this light 
it appears highly unlikely that isogenicity played a significant role in the results 
of the experiment (Chart IT). 

There was no detectable difference in the healing of the large homogenous- 
bone transplants that did not produce an inflammatory response as compared with 
autogenous-bone transplants produced in a like manner. 


SUMMARY 


Total body irradiation appears to be effective in blocking the rejection mech- 
anism to large fresh homogenous-bone transplants in surgically united rats. The 
precise mechanism of this effect is not understood. 
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DISCUSSION 


Dr. Cuartes H. Hernnon, Cievetanp, Onto: I have, for several years, been actively en- 
gaged in studies of the immunological factors in homogenous-bone transplantation and have 
learned that the technical problems involved often exceed the scope of my knowledge of im- 
munology and chemistry. This is true with Dr. Enneking’s presentation and I have, therefore 
in evaluating his results, sought the advice of Dr. Arnold Powell, the immunochemist who is 
collaborating with me in my studies 

Dr. Enneking has three major variables which must be considered independently in eval- 
tating his results: irradiation, parabiosis, and transplantation of bone 

The depression of the immune response by radiation is well documented but it is not 100 
per cent effective for complete depression and it is temporary in effect. This variable Dr. Enne- 
king combats by rather heavy irradiation and repetition of the dosage. 

With respect to the parabiosis variable, it must be kept in mind that the situation is quite 
different in isogenic pairs and in non-isogenic pairs. In isogenic pairs coupled in parabiotic 
union survival is more frequent, there is neither hereditary nor immunological incompatability, 
no antibodies should be formed in either animal, and irradiation should not affect this rela- 
tionship. In non-isogenic pairs, however, the survival rate would be less, there may be im- 
munological incompatibility, many antibodies would be formed, and one or both animals 
would be injured. If then, the non-isogenic pairs are joined in parabiosis and one of the ani- 
mals irradiated, the irradiated animal is the one that dies as noted by Dr. Enneking. If we 
designate the non-irradiated animal as N and the irradiated animal as R we can then de- 
scribe the mechanism as follows: N receives a complex organ transplant from R; N makes 
in anti-R antibody which injuries R and R dies. At the same time, R has received a similar 
complex organ transplant from N, but R was irradiated and cannot make antibodies; there- 
fore, the only antibody circulating in the union is anti-R. As there is no anti-N, there is no 


cytotoxic effect in NV and N survives 
If we now combine all three variables—parabiosis, irradiation, and transplantation—there 


ire a number of important points that must be kept in mind. It is well established that when 
tissues are transplanted in isogenic pairs, the transplants are usually tolerated; therefore, 
irradiation would have no effect in such a situation. Similarly, it is apparent that isogenic 
parabiotic pairs should tolerate mutual transplants whether irradiated or not. In non-isogenic 
pairs, however, tissue transplants are known to be rejected while irradiation enhances the 
survival of the transplant. In Dr. Enneking’s pal ibiotic animals, if we again designate the 
non-irradiated animal N and the irradiated animal R, the bone from FR transplanted into 
pparently induces anti-bone R&R antibodies which produces an inflammatory reaction at bone 
R in animal NV. Bone N transplanted into animal R&R does not induce antibodies as R was ir- 
radiated. Therefore, in both animals there was only one anti-bone antibody, anti-R. One 
would question, however, why the anti-bone R could not return to animal R&R and injure R 
bones, as covascularitvy was demonstrated by Dr. Enneking. The lack of damage to bone in 
inimal #& suggests that the antibody was not circulating. 

It is also to be noted that exactly similar results observed in Dr. Enneking’s parabiotic 
inimals should hold in non-parabiotic pairs; that is, bone from R&R transplanted to N would 
induce anti-R which would lead to rejection of the transplant while bone from N transplanted 
to R could not induce anti-N as R was irradiated and the transplant would survive. One 
would question, therefore, if Enneking has demonstrated the presence of a circulating 
intibody through the use of the parabiosis technique. 

It is of interest that eighteen pairs of rats showed transplant acceptance in both the ir- 
radiated and non-irradiated animals. This may well have been due to selection of the rats. If 
isogenic pairs were used, these results would be anticipated. I should like to ask Dr. Enne- 
king if the heredity of the rats used was known well enough to be sure whether they were truly 


isogenic or hon-lsogenk 


Dr. C. Annrew L. Basserr, New York, N. Y.: The experimental design of the paper 
seems adequate to provide the results described and to justify the conclusion. One wonders 
if the transplantation of any free-bone graft with periosteum attached does not augur poorly 
for rapid graft revascularization and incorporation. However, in this particular study the 
presence of periosteum on the graft is probably of minor significance and does not invalidate 
or alter the findings 

From this and preceding papers, it is apparent that a fresh homogenous-bone graft is 
rejected by the same mechanism that destroys fresh homogenous-bone grafts of all other tis- 
sues with the possible exception of cornea. The mechanism probably involves an immune re- 
sponse on the part of the host and perhaps even on the part of the graft. In all probability 
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foreign proteins, nucleoproteins, or mucopolysaccharides within the graft or elaborated by 
the metabolism of its cells may act as antigens. The wider the genetic incompatibility between 

donor and host, the greater the number of foreign-tissue components, the greater the poten- 
tial number of antigens, and the greater the ultimate immune response. From a practical 

standpoint grafts between homozygous twins or animals of a highly inbred strain can be ex- 
pected to behave as autogenous-bone grafts and permanently survive transplantation. On the 

other hand, cross species grafting (heterogenous bone-grafting) evokes the most intense in- 
flammatory rejections 

The recent illuminating findings of Algire and his co-workers at the National Cancer 
Institute resolve some of the enigmas of the homogenous-bone graft response. For years in- 
vestigators have sought unsuccessfully to demonstrate a suspected immune mechanism by 
searching for circulating antibodies. Algire has now shown that the antibodies responsible 
for graft rejection are probably bound to the membranes of mononuclear cells of the blood 
ind do not circulate in the free state. His work has further shown that the host may deal in 
. different way with the cross species graft. Probably because of wide genetic incompatibil- 
itv, heterogenous-bone grafts evoke circulating antibodies and are destroyed even in a cell- 
free system. 

There are three ways for altering the immune response to homogenous-bone grafts. First, 
the graft may be conditioned by removing potential antigenic material from the donor tissue 
or by using embryonal tissue at a time when potential antigens are low in concentration. 
This method has been successfully applied by Gaillard, Hurley, and others. Second, the im- 
mune response apparatus is immature in the fetal and neonatal mammal. It is therefore often 
incapable of meeting the immunological challenge posed by a homogenous-bone graft. Long- 
mire, Billingham, Medawar, and others have made use of this factor in altering rejection of 
the homogenous-bone graft. The third method of alteration has been used by the present au- 
thors and involves blocking the host’s antibody production. Total body irradiation, corticoids, 
or reticulo-endothelial blocking agents can paralyze the immune response. With such an ap- 

roach normal and neoplastic grafts of homogenous and heterogenous tissue have been suc- 
cesstullv carried out by Toolan, Howes, and others 

In closing the discussion, allow me to shift emphasis to a clinical level. There is little 
question of the superiority of the fresh autogenous-bone graft in orthopaedic surgery. How- 
ever, most of us will admit that the homogenous-bone graft serves a most useful function 

hs t 
live and if not too chemically altered by preservation, evoke a minimal inflammatory 


unde the proper circumstances The majority of preserved homogenous-bone grafts are not 


response. Experimentally preserved, non-viable, homogenous-bone grafts follow the same 
tern of host incorporation as autogenous-bone grafts with the exception that the rate is 
initially a little slower. These observations, coupled with the 85 to 95 per cent success rate 
vith bone-bank bone, argue strongly in favor of the continued clinical use of 


preserved homogenous-bone grafts in selected cases. 


ENNEKING (closing): Dr. Herndon has immediately gone to the nub of the problem 

have wrestled for some time. In regard to the hereditary charts of the animals 

no definite or specific information. There were over 600 pairs of animals used 

riments. We received these over a period of four years in random shipments from 
single breeder and I cannot answer the question as to specific hereditary background. 

We make no claim that we have identified an antibody which has formed in response 

to homogenous transplant. We do not understand what we have done; we wish that some- 

body would tell us. We merely observed that when we irradiated the animals something 

happened that did not happen when we did not irradiate them and we feel that it is due to 
the irradiation. Other than that we do not know anything more than when we started. 
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In 1949 the authors described three cases of congenital posterior or postero- 
medial angulation of the tibia with talipes caleaneus, and suggested that this 
deformity was as a clinical entity entirely distinct from congenital bowing of the 


tibia with anterior convexity. These three patients were treated conservatively 
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Drawing of the brace used in the treatment of congenital poste- 
rior angulation of the tibia with talipes caleaneus. The uprights 
extend from the heel of the shoe to the hip The Sstop-Jommt at the 
unkle prevents dorsiflexion but permits plantar flexion 
posterior leather band, tightened 


pressure OF support igainst the 
of the tibia 


The wide 
by straps and buckles, 
posterior convexity of the curve 


\ free joint at the knee is provided when the leg grows 
sufficiently long to make this practical. 


exerts 


without osteotomy; gradual correction of the deformity occurred during growth 
with no residual disability other than a persistence of some tibial shortening. 

\ clinieal classification of the congenital angulations of the tibia into three 
groups was made in which angulations with a posterior or posteromedial convexity 
were separated from the angulations with anterior convexity. The characteristics of 
each group were described. Group I consisted of the anterior angulations associated 
with pseudarthrosis or fracture with non-union; Group IT consisted also of anterior 
angulations, but accompanied by talipes equinus, usually with concomitant ab- 
sence of the fibula and other anomalies of development; Group III consisted of 
posterior or posteromedial angulations with talipes calcaneus. 

The characteristics of Group III, the subject of this report, are: 
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Fic. 2-A 
M.S., April 6, 1941, at the age of eight months. There was severe posteromedial 
bowing of the left tibia and fibula at the junction of the middle and lower thirds. There was 


shortening of one inch 


Fic. 2-B 
May 23, 1958, at seventeen years and nine months of age. Epiphyseodesis at the upper tibial 
ind fibular epiphyses of the right leg was done at the age of eleven years and seven months— 
too late to be of any benefit. Fusion of the epiphysis of the tibia was asymmetrical. 


1. Posterior angulation or backward and medial bowing at the junction of 
the middle and lower thirds of the diaphysis of the tibia, with similar bowing of 


the fibula 

2. Severe talipes calcaneus. 

3. Tightness of the anterior muscles of the leg and weakness of the triceps 
surae. 
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+. Presence of a dimple over the apex ol the angulation. 

5. Shortness of the lower extremity confined chiefly, if not entirely, to the 
leg, and underdevelopment of the muscles of the leg. 

6. No detectable abnormality of the structure of the bone, other than a thick- 
ening of the cortex on the concave side of the curve. 

7. No appreciable impairment of the upper or lower tibial epiphysis. 

8. No unusual tendency to fracture. 

9. Good prognosis with conservative treatment. 

The purpose of this paper is to present a long-term report of the three patients 
described in 1949 and to record the findings in eight additional patients who have 
been under our treatment or close observation since that time. All eleven patients 
have been under observation from infancy to the time of writing. Their ages range 
from four to eighteen years. We examined roentgenograms and received records of 
several other unreported cases, but are not including these because of insufficient 
information concerning treatment or results. We have also made a thorough 
search of the literature, attempting to collect all reported cases of congenital pos- 
terior angulation of the tibia, and are appending the pertinent references. 

The incidence of congenital posterior angulation of the tibia is not so rare 
is was thought. Although we know of 
only three cases reported in the English 
literature before 1949, we have now 
earned that several foreign writers did 
deseribe a total of twenty-six cases. Lit- 
tle note was made, however, of co-existing 
talipes caleaneus or of the other charac- 
teristies which identify this deformity as a 


Fic. 3-C 


Fig. 3-A: Case 2, A.W., September 18, 1942, at six weeks of age. There was severe posterior 
ind medial angulation of the right tibia and fibula at the junction of the middle and lower 
thirds 


Fig 


-B: December 7, 1945, at the age of three years. 
C 


3 
Fig. 3- March 24, 1948, at five and one-half years of age. The bowing had almost dis- 
appeared. There was shortening of one and one-quarter inches. 
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Fic. 3-D 
April 18, 1958. Both legs at sixteen years ind three months of There was only a slight 
medial curve of the tibia 








Fic. 3-E 
Photographs made April 18, 1958. The leg was straight. Epiphyseode- 
sis at the upper left tibial and fibular epiphyses was done at the age 
of eight vears when there was shortening of on ind one-half inches 
Shortening on this date was only one-half of an inch 


separate entity. During the last nine years twenty-nine more Cases were reported, 


twenty-five of which are in the English literature. Including the eleven cases in 
this report, at least sixty-nine cases are now recorded in the literature. The results 
of treatment were reported in fifty-seven cases; they were good in the forty-eight 
treated conservatively and union occurred in nine treated by osteotomy of the tibia. 
Shortening persisted in all as the leg became straight, whether the patients were 
treated conservatively or by osteotomy. No appreciable stimulation of growth in 
length was induced by osteotomy, as sometimes occurs in children after fracture. 
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Case 3. T.D.. December 3, 1943, when four weeks old. There was 
moderately severe angulation of the left tibia. 


Orr 





ASWTASULA 


5 23 Se seer 


: " 


Fic. 4-B 


May 23, 1958. Both legs at the age of fourteen and one -half years. 


All of our eleven patients were treated conservatively. Therapy during the 
first few months after birth was directed only to the severe calcaneus, and con- 
sisted in massage and stretching of the soft tissues which held the foot in calcaneus. 
In some cases a simple molded plaster splint over the anterior aspect of the leg 
and dorsum of the foot. was applied while holding the foot in plantar flexion. This 
plaster splint was held in place by an elastic bandage. It was removed by the 
mother for the manipulations of the foot and ankle, and then reapplied. A brace 
was applied as early as practical—at about five or six months of age, or just 
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5-B 
Fig. 5-A: Case 8, D.H., July 20, 1951, at the 
ige of four weeks. There was severe postero- 
ial angulation of the right tibia and 


September 19, 1952, at the age 
teen months. There was one-half of an 


h shortening 


Fig. 5-C: February 18, 1955, at the age of 
three and one-half vears. There was con- 
siderable improvement 


before the ehild began to stand and 
was worn during the day until the 
bowing of the tibia had been well cor- 
rected by growth, the caleaneus de- 


5 fF 


onto 


formity eliminated by the relief from 
contracture, and the appearance Ol 
strength in the triceps surae. It was 


18 Fee S52 
MELYRiA 


changed, when necessary, to accon- 
modate the crowth of the leg. The 
brace consists of a double upright ex- 
tending from the heel of the shoe to 
the hip A laced leather cuff, or a 
doubled-back leather support between the rigid uprights, exerts foree in an an- 
terior direction against the tibia at the convexity of the curve, and a stop-joint 
it the ankle prevents caleaneus (Fig. 1). It was found to be impractical to provide 
i joint at the knee in the very young elildren. Later, as they oTew older, a free 
olnt was provided at the kne 

The ages of the patients at the time the brace was apphed and removed are 
recorded in Table I. The length of time the brace was worn depended upon the 
severity of the original deformity and the rapidity of correction. This varied from 
one year to five years; the average was three years 

We are not fullv convineed that such a brace is necessary, but we believe it 
is beneficial in correcting the deformity. Growing bone is pliant. The brace exerts 
a continual pressure or bending foree directed toward straightening the tibia, and 
during the earlv vears ol walking lessens the deforming foree of a backward thrust 
at the apex of the curve. It was not applied to protect the tibia from fracture We 
have not feared fracture with the complications encountered in the children in 


Group I with anterior bowing 
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April 18, 1958, at the age of six years and nine months. There was slight bowing 








Fic. 5-E 
Photographs made April 18, 1958. The leg was straight. There was 


three-quarters Of an nch shortening 


Other data during the course of treatment and the results are also recorded 
in Table I. All patients have been kept under observation, with roentgenograms 
from time to time, from infaney to the time of writing. Patients 1, 2, and 4 are 
those reported in 1949 (Figs. 2-A through 3-E). All angulations were postero- 
medial: none was posterolateral Café au lait spots were looked for in all but none 
was found 

The angulation or bowing of the leg has been completely corrected, or is 
present to only a slight degree, in all patients. Moderate renu valgum, caused by 
a poorly fitting brace, developed in one patient. Rapid improvement was shown 
after use of the brace was discontinued. Caleaneus d formity was comple tely cor- 
rected in all patients, and there is no demonstrable weakness of the triceps surae 
muscles. The feet remain from one to two shoe sizes smaller than the normal feet. 
The circumference of the legs remains somewhat smaller than that of the normal 
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Case 9, J.H., October 12, 1951, when four weeks old. Patient of 
Dr. Edward Bauman. 


t) 


: 


omo «3RRAw 
Le r 


920K JAIROM IM 


Fic. 6-B 


June 1, 1953. Both legs at the age of one year and nine months 


legs. There is no measurable shortening of the femora, and no difference in the 
circumference of the thighs. The increased density of bone at the concavity of the 
curve gradually decreased with straightening of the bone, and eventually dis- 
appeared. 

The amount of shortening was recorded at intervals during growth, beginning 
when the patients were three years of age and continuing to the time of writing. 
Our records on the amount of shortening during early infancy are not accurate. 
In conformity with observations in all patients that there is no appreciable ab- 
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Fic. 6-C Fia. 6-D 

Fig. 6-C: May 3, 1955, at the age of three vears and eight months. Screws and wire mesh 
had been inserted immediately below the epiphyseal plates by Dr. Bauman on June 1, 1954 
One year later they were removed and inserted again close to the epiphyseal plates. Shortening 
was still one ind one-quarte! inches 

Fig. 6-D: March 14, 1958, at the age of six and one half years. Shortening below the knee 
was one and three-eighths inches. The screws and wire mesh had remained in place for two 
years. There was no appreciable stimulation in growth of the length of the tibia or fibula. 








Fia. 6-E 
Photographs made on March 14, 1958 


normality in the roentgenographic appearance of the upper or lower tibial epi- 
physis, measurements show little increase in leg-length discrepancy during growth. 
The maximal increase in leg-length discrepancy over that originally present is one- 
half of an inch. Shortening now ranges from a minimum of one-half of an inch in 
Patient 2, who had epiphyseodesis of the normal tibia and fibula at eight years 
of age, to a maximum of two inches. 

With the additional experience gained from the eight cases reported here (a 
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Fic. 7-B 
Fig. 7-A: Case 10, K.K., August 1, 1952, when six weeks old. There was severe posterior 
ind medial angulation and severe talipes calcaneus : 
Fig. 7-B: June 18, 1954, at the age of two years. Marked improvement was evident. Ther 
was one and three-quarters inches shortening 


Fic. 7-D 


August 17, 1956, at flour veurs of age 
April 18, 1958, at five years and nine months of age 


total of eleven cases), we feel no need to modify or amend the enumeration made 
in 1949 of the characteristies of congenital posterior angulation of the tibia, except 
that a dimple in the skin over the apex of the deformity has not been observed in 


every case. Dimples are present in many different congenital deformities of the 


extremities, and should not be characterized as peculiar to congenital posterior 
bowing of the tibia or an invariable characteristic of this deformity. All the other 
characteristies were manifest in every case, making this condition clearly distin- 
guishable as an ¢ ntity without confusing it with other forms of congenital bowing. 
Differences in one patient from another were in degree only. No abnormality 
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Photographs made April 18, 1958. There was no increas 
ing which measured one and three-quarters inches 


above the knee was found in any patient, nor were there any other congenital 
abnormalities. All deformities were unilateral. Eight patients were boys; the other 
three, girls. The outstanding clinical feature of these cases is a good prognosis 
accompanying conservative treatment, in spite of the alarming early deformity. 
This at once contrasts congenital posterior bowing with the congenital anterior 
howings 

Attention is directed to Patients 1 and 2. Patient 2 had epiphyseodesis per- 
formed for arrest of growth at the upper tibial and fibular epiphyses of the normal 
leg at the age of eight vears. At that time shortening was one and one-half inches. 
She is now almost seventeen years old, and has only one-half of an inch leg-length 
discrepancy (Fig. 3-E). Patient 1 had epiphyseodesis performed when she was 
eleven years and seven months old, when there was one and three-quarters inches 
shortening. She is now eighteen years old, and still has one and one-half inches 
leg-length discrepancy. Epiphyseodesis was delayed too long for any significant 
benefit. The moderate genu varum at the normal extremity is the result of an 
asymmetrical fusion of the upper tibial epiphysis following epiphyseodesis 

Attention is also directed to Patient 9. On June 1, 1954, when the child was 
two and one-half years old, Dr. Edward Bauman attempted to stimulate growth 
at the upper tibial and fibular epiphyses by ‘curettage and drilling and insertion 
of S Mo screws and bone wire” immediately below the epiphyseal plates. At that 
time there was one and one-quarter inches shortening. On May 31, 1955, a subse- 


quent operation Was done to remove the screws and wire mesh and insert them 


again close to the epiphys al plates The screws and wire mesh were rr moved one 
vear later, after being in place two years. Current roentgenographic measurements 
of the lengths of both tibiae show no appreciable lessening of leg-length discrep- 
ancy. There is still one and three-eighths inches shortening at the age of seven 
vears 

These three cases are examples which explain our feelings concerning operative 
methods at lessening leg-length discrepancy below the knee in growing children. 
When the amount of shortening is sufficient to justify possible complications, we 
recommend epiphyseodesis of the upper tibial and fibular epiphyses of the normal 
leg at the optimum age—between eight and ten years old, depending upon the 


amount of shortening present at that time. As a result of both clinical and labora- 
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tory experiments, we do not recommend attempts to stimulate growth of the short 


tibia by the juxta-epiphyseal introduction of metals. 

Even though some have reported a good result after osteotomy for correction 
of the deformity, we still advocate conservative treatment. Perhaps we should not 
have asserted so positively in our original report that osteotomy should never be 
done because of the likelihood of pseudarthrosis, but we still maintain that compli- 
cations are always to be feared after osteotomy for correction of any congenital 
angulation of the tibia. Considering the facts that osteotomy was not necessary 
for correction of the deformity in any of the eleven patients under our observation, 
and there is no residual disability other than some shortening below the knee 
following conservative treatment, we cannot approve of osteotomy as the treatment 
of choice. Prognosis is good without assuming unnecessary risks. 
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Dislocations of the Shoulder with Special 
Reference to Accompanying Small Fractures 


BY RICHARD H. HALL, M.D., FRANK ISAAC, M.D.*, AND CHARLES R. BOOTH, M.D., 
LONG BEACH, CALIFORNIA 


From the Orthonaedic Section of the S irgical Service and the Radwologu al Service, 
United States Veterans Administration Hospital, Long Beach 


Although repeatedly reported in textbooks and journals since first discussed 
in 1831 7°, defects of the head and neck of the humerus related to dislocated shoul- 
ders are still being overlooked by many surgeons for at least three reasons. The 
defects are not demonstrated on conventional routine roentgenograms !*!*-*°, they 


Detached 


Labrum 


t/ 
\ 


Composite drawing of damaged structures in anterior dislocations 


are not readily exposed by usual anterior surgical approaches *'*, and the clinical 
significance of these defects has largely been minimized or denied *:!*.*".8, We hope 
to arouse attention to this aspect of the pathology created by dislocation. 

Opinion has been fairly consistent regarding the essential structures injured 
in anterior glenohumeral dislocations }4:° 45% 1%!6=") Anteriorly, soft-tissue in- 
volvement consists of rupture of the articular capsule at any point, usually the area 
near the attachment to the glenoidal labrum (Fig. 1). The attached and overlying 
subscapularis is necessarily damaged to some degree. When the medial portion of 
the capsule is torn, the glenoidal labrum may be detached or damaged. There may 
be an avulsion or chip fracture of the humerus or the rim of the glenoid cavity ac- 
companying detachment of either end of the capsule. The rim of the glenoid cavity 


* Deceased. 
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ent and tube for making notch-view roentgenogram of the humerus 


is most often affected. Although fractures occur at the humeral end of the articular 
capsule 4:16, we have been unable to find any record of their incidence. 

Soft-tissue damage is often less severe posteriorly than anteriorly. It is similar 
in nature, but located diametrically opposite to the anterior injury *:!°'*® The 
capsule may rupture at any point, usually in the area near the humerus (Fig. 1). 


The attached and overlying short external rotators are inevitably dam- 
aged to some degree *'® When avulsion, compression or chip fracture occurs, 
it is usually of the humerus *!"!6 We have been unable to find any report 
of fractures of the poste rior glenoidal margin, although such injuries no doubt 
occur. The tissues damaged by posterior dislocation are those affected by an- 
terior dislocation; however, fractures of the humerus usually occur in front, 
and those of the rim of the glenoid in back "8. 

It is generally agreed that any permanent disruption of the smooth gliding 
contours of the chondrosynovial joint surfaces may give the patient a sensation 
of disloeation. This sensation may spring from some minor derangement such as a 
ruptured labral meniscus, or a loose body, or from a true acute, chronic, or recurrent 
dislocation. It may also be associated with a defect of the humeral head 
which slips over the glenoid margin. The larger the defect in the humeral head, 
the less complete is the sphere formed by the humeral head and the more readily 


} 


ean redisloecation occur 

The extent of the damage must be determined as accurately as possible 
Obviously, for patients with acute dislocations, immobilization for a few weeks is 
necessary if the soft-tissue injuries are to heal properly. Several weeks or even a 
few months of immobilization may be necessary for a fracture to heal. A Putti- 
Platt '*, Matti, Magnuson, or related soft-tissue repair may be adequate for an 
anterior recurrent dislocation which has only residual soft-tissue damage. How- 
ever, In cases of damaged meniseus or fractured glenoidal margin it seems more 
logical to consider a Bankart, Moseley, Gallie, or similar glenoidal repair. When 
a large notch remains on the anatomical neck, posteriorly, we prefer to do a dia- 
metrically opposite capsular repair on the back of the humeral head 1-74, reattach- 
ing the capsule to the articular margin of the humerus to fill the defect and give a 
smooth chondrosynovial surface. Should this same notch be found anteriorly in 
a posterior recurrent dislocation, similar reasoning would dictate appropriate re- 
pair 

Because demonstration of an avulsion fracture of the anatomical neck of the 
humerus seems important, both in the treatment of acute dislocations to help 
prevent recurrence and in the planning of surgical reconstitution of the damaged 
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joint surfaces, we feel it is highly desirable to visualize the area roentgenograph- 
ically. Since the damage is seldom, if ever, demonstrated in routine anteroposterior 
shoulder films, we have devised a simple technique for putting this area into 
profile. 

The patient is placed in the supine position on the x-ray table with the base 
of his hand centered on the top of his head (Fig. 2). The long axis of the shaft of the 
humerus must. be parallel with the sagittal plane of the body. The shoulder is then 
flexed slightly beyond 90 degrees with slight internal rotation. The x-ray tube is 
tilted 10 degrees toward the head of the table with the beam centered on the 
coracoid process 

We suggest that the roentgenogram obtained in this manner be called a notch 
view *. It demonstrates in profile the posterosuperior and antero-inferior regions 
of the articular surface and anatomical neck of the humerus. Compression or 
avulsion fractures following strains, sprains, or dislocations of the shoulder joint 
most frequently oecur in these two areas. Therefore, this noteh view should be 
obtained after acute injuries of the shoulder, particularly dislocation. It can be 
made immediately after reduction of the dislocation with the patient anaesthetized. 

It should be added, however, that this view does not obviate a tangential, 
inferosuperior projection of the glenoid to demonstrate possible marginal fractures. 

We have made a noteh-view roentgenogram of almost every patient with 
shoulder dislocation examined during the past four and one-half years and were 
able to demonstrate a posterior defeet in the humeral head in eighteen of twenty 


patients with recurrent anterior dislocation confirmed at surgery. We were also 


able to demonstrate a small fracture in this area in three patients with acute an- 


/ 


ALMOST NO NECK 





Normal anatomical variations seen in notch-view roentgenograms of three different normal 


shoulders 


The exact technique for the notch view was devised by the authors from ideas ex- 
pressed by Commander William 8S. Strvker. Medi il Corps, I nited States Navy, and associates 
at the United States Naval Hospital, Corona, California, in 1958. All persons concerned wish 


to avoid eponymous designation 
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LARGEST 

MODERATELY LARGE DEFECTS FOUND 

NOTCH DEFECT (DISLOCATION .WAS 
RECURRENT AFTER NICOLA, 
PUTT! PLA 4 BANKART 
TYPE REPAIRS) 

Kia. 4 


me-contour defects seen in notch-view roentgenograms of thi different patients wit] 
interior recurrent dislocation 


terior dislocation and a large defect in two patients with chronic anterior disloca- 
tion, one confirmed at surgery. Healing of fractures was shown after immobilization 
in three patients with acute dislocation, with no recurrent dislocation. We have 
had no cases of posterior dislocations. 

For a comparative study of the appearance of the normal humeral head and 
anatomical neck by this projection, we made notch-view roentgenograms of the 
shoulders of more than fifty adults with no known injuries. We did not find a 
typical, asymmetrical flattened notch or groove defect in any of these films, con- 
firming Townley’s extensive report on 200 non-dislocating shoulders 74. We ob- 
served, however, that the anatomical neck exhibits considerable variations in its 
depth. In Morris’ Human Anatomy, the anatomical neck is described as a some- 
what constricted portion of bone below the head, “. . . best marked superiorly, 
where it forms a groove separating the articular surface from the two tubercles.” 
It is possible, therefore, for one unfamiliar with the topographical details and 
normal variation of this view, to confuse a deep anatomical neck with the patho- 
logical groove defect seen in recurrent dislocation. 

Roentgenographically, the uninjured anatomical neck in the notch view (Fig. 
3) appears as a fairly symmetrical V or U-shaped groove with a smooth contour. 
This svinmetry 1s usually lost or the smooth eontour roughened by injury (Fig. 4). 
Both changes may occur. Although our series of eases is rather small. it gives 
additional support to the overwhelming evidence that the typical notch defect is 
generally the result of either acute or recurrent trauma or both 1:414.16-22, Tf a suffi- 
ciently large number of such defects and fractures of the glenoid margin are re- 
corded, it is conceivable that we may be able to predict which dislocations, if any, 
should be subjected to primary reparative surgery to prevent recurrence. 
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Perhaps, as suspected by Hippocrates *, failure to diagnose and treat ade- 


quately such first dislocations may some day be regarded as inadequate therapy. 


SUMMARY AND CONCLUSIONS 


1. A defect in the posterosuperior area of the anatomical neck of the humerus 


was demonstrated roentgenographically in patients with acute anterior dislocation 


and both by roentgenograms and at surgery in patients with recurrent anterior 


dislocations. 


of t 


rots 


2. This defect can rarely be seen on conventional, routine roentgenograms 
he shoulder; at times it can be demonstrated in an uncertain degree of internal 
ition. It can easily be seen in the simple roentgenographie projection deseribed 

3. Since this defect, if large, may facilitate recurrent dislocation, it should b« 


looked for in all acute injuries. If it can be accomplished by adequate immobiliza- 


tio1 


1, this defect should be allowed to heal and fill in. 
4. In recurrent dislocation of the shoulder the defect should be evaluated 


when planning surgical repair. It is the author’s opinion that the defect, if large, 


should be repaired just as the labral defect is repaired anteriorly 


nor 


1. 


5. The defect, usually traumatie in origin, should not be confused with 


mal anatomical variations 
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Epiphyseal Growth Arrest in a Fractured 
Metacarpal 


BY JOSEPH EDMUND BROWN, M.D., CLEVELAND, OHIO 


Department of Orthopaedic Su gery Saint Luke’s Hosmital. Cleveland 


Injuries involving open epiphyses have always carried a guarded prognosis 
from the standpoint of premature closure and growth arrest. In specifie instances 


partial closure and a resultant growth defermity can create cosmetic and func- 


tional deformity, which may well require reconstructive measures. All surgeons 
dealing with trauma are cognizant of the seriousness of epiphyseal injuries of 
major joints, particularly those involving the ankle, knee, hip, wrist, and elbow. 
\ccordingly, when such injuries occur the parents are warned by attending sur- 
geons of the danger of growth arrest and the patients are usually followed for 
considerable periods of time, until one can be assured that no complication has 
developed 

Metacarpal fractures in young boys are relatively common, but case reports 
of premature closure of the metacarpal epiphyses are not to be found in the liter- 
ature. In fact, prior to the rather startling result encountered in the case to be 
I’ ported, this observer gave little thought to premature closure of the epiphysis ol 


the metacarpal due to trauma 


i twelve-vear-old boy was struck by an automobile and had multiple 


On February 3, 1953 
injuries. The least significant injury from the standpoint of immediate care was a fracture of 
the distal end of the left. third metacarpal. This fracture by all standards was simple and 
undisplaced, although it involved the distal epiphyseal plate (Fig. 1) 

No specific treatment was directed toward this simple fracture; and at the time of the bov’s 
dismissal from active medical care, four months after the injury, he had no complaints referable 
to the left hand. It is to be noted in Figure 1 that the lengths of the fingers are in normal propor- 
tion, namely, the long finger longer than the adjacent index and ring fingers. 

On December 8, 1956, the boy injured his right hand playing basketball. This injury was 
of no clinical significance, but upon examination of the boy’s hands, I was amazed to observe 
that the left long finger was considerably shorter than the adjacent inde xX and ring finge rs. 
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Fic. 1 
Fig. 1: Roentgenographie appearance of the fracture of the left third metacarpal at the time 
of injury 
9: Roentgenogram made almost four vears after the injury. Note the premature closure 
of the epiphysis of the left third metacarpal. 


Fig 


Roentge nographic appearance oO 
injury when the patient was eighteen 


\ roentgenogram l 2) mace it this tim rey i emature closure of the distal 


epiphysis of the left il tacarpal and shortening of the long finger The bov had no 


functional disabilitv: referal to the short long finger, but readily admitted that it in 
“oddity 

On November 21, 1958, the patient, now seventeen years old, was re-examined (Figs. 3 
and 4). The left long finger was found to be one inch shorter than its counterpart of the mght 
hand. There was still no functional disability present in spite of the fact that with the fist 
clenched (Fig. 5) a marked deformity was evident with alteration of the metacarpophalangeal 
oint relationships 
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Kia. 4 
Appearance of the hands when the patient was eighteen years old. The 
left long finger is an inch shorter than the right long finger. 


The clenched fist accentuates the deformity. There is 
no functional deficit. 


CONCLUSION 


Considering the high incidence of trauma to the adult hand and the resultant 
large numbers of roentgenograms of adult hands, one would expect that if pre- 
mature closure of the metacarpal epiphysis was a frequent oceurrence as a result of 


injury to the hand in childhood, roentgenologists would be in a position to cite 
many ease examples similar to the one reported here. A survey of leading roent- 
genologists in the Cleveland area failed to uncover a similar case. 

Because of the apparent rarity of this condition, it is felt that this case report 
may prove of interest to surgeons dealing with trauma, 


and that it may spare 
them the embarrassment of explaining a “short finger” at a later date. 
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Partial and Complete Agenesis or Malformation 


of the Sacrum With Associated Anomalies 


ETIOLOGIC AND CLINICAL STUDY WITH SpEcIAL REFERENCE TO HEREDITY 
A PRELIMINARY REPORT 


BY JOHANNA BLUMEL, PH.D., E. BURKE EVANS, M.D., 
AND G. W. N. EGGERS, M.D., GALVESTON, TEXAS 


From the Division of Orthopaedics, De partment of Surgery, 
University of Texas Medical Branch, Galveston 


Sporadic case reports of congenital sacral and coccygeal agenesis and eight 
cases of these anomalies now under observation at John Sealy Hospital prompted 
us to initiate this investigation 

A review of the literature 1:7:4-10.12-15,18-29,31,33-41,43-60,62-66 reyvegled that ap- 
proximately fifty cases have been reported since Hohl described the condition in 
1852 and Wertheim reported a case of complete sacrocoeccygeal agenesis in a new- 
born girl in 1857. This number of published cases in more than a century by no 
means reflects the actual incidence of these malformations. Several etiological 
theories have been discussed by various authors !%2+-29.54.62. but to our knowledge 
no genetic studies have been attempted. 


MATERIAL AND METHODS 

In Mareh 1957, survey forms were sent to 300 orthopaedie surgeons in the 
United States and Hawaii requesting information on congenital absence or mal- 
formation of the sacrum for statistical compilation and genetie analysis. As of 
May 1958, replies were received from sixty-three surgeons, twenty of whom treated 
one to six such patients. Thirty-six case reports were obtained in this manner. It 
was subsequently decided to make a survey of each state by sending forms to 
record librarians at the larger hospitals. One hundred Texas hospitals were writ- 
ten to; thirty-two replied, and four of these furnished a total of eight cases. A 
survey is currently being made of hospitals in other states. This is a preliminary 
report on fifty cases, including more extensive data on our own eight cases with 
special reference to manifestations of hereditary abnormalities in collaterals and 
ascendants. 


CASE REPORTS AND PEDIGREES 
In this investigation, the pedigree charts have Roman numerals on the left 
indicating generations and Arabic numbers identifying individuals. The following 
eight case histories from John Sealy Hospital are presented in the order in which 
they appear in Table I. 

Case 1 (1-8311-M). Chart I, II-3: This white girl was born November 17, 1955. The 
mother had a normal full-term pregnancy and normal labor and delivery. Birth weight was 
five pounds, nine ounces. No anomalies were noted at birth; however, physical examination 
one year later revealed a slight deviation of the upper end of the natal cleft (Fig. 1-A) 

Roentgenograms of the pelvis (Fig. 1-B) disclosed absence of the ala of the third sacral 
vertebra with approximation of the second and fourth alae on the left and a resulting shift 
of the more distal sacral vertebrae and the coeevx to that side. There were no other vertebral 


anomalies. There was no disturbance of sensation in the lower extremities and no alteration 
of bowel or bladder function No treatment was necessary 


Chart I shows that the proband has two older siblings born in 1952 and 1953, 
respectively ; both are apparently normal as are ascendants and collaterals in this 
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ng slight deviation of t ipper end of the natal cleft 
pelvis showing ibsence of the alae of the third sacral vertebra 
ond and fourth alae on the left 


pedigree. The presence of a right inguinal her- 
nia was established by correspondence with 


the proband’s father, who is a physician. 


Case 2 (28141-M). Chart II, II-6: This white 
boy was born February 17, 1943. He was admitted 
to the Urology Service at John Sealy Hospital on 
July 20, 1956, because of bowel and bladder incon- 
tinence which had been present since birth. His 
general physical examination revealed a healthy, well 
developed, thirteen-year-old boy with no apparent 





ibnormalities 
Roentgenograms (Fig. 2) of the pelvis demon- 
strated spina bifida occulta of the first sacral vertebra 
ind absence of the distal two sacral vertebrae and 
the coceyx. A myelogram revealed termination of the 
[) O NORMAL dural sac at the fifth lumbar vertebra. A cystogram 
showed trabeculation of the bladder but no ureteral 
flux An intravenous pvyelogram demonstrated 


i AFFECTED cant upper urmary tracts Cystoscopic examina- 


tion revealed moderate bladder trabeculation but no 

WA obstruction of the neck of the bladder. The external 

PROBAND sphincter was patulous; otherwise, the urethra was 

Cnart I eurosurgical exploration of the lumbosacral 

Case | region revealed normal nerve roots at the fourth 

lumbar-fifth lumbar level but at the fifth limbar-first 

eral level there emerged three relatively larger roots of which one proceeded laterally on 

each side at this level and on proceeded distally into the sacral canal. A cystome trogram was 

made while cord and nerve roots were exposed. With electrical stimulation it was found that 

the vesical reflex ire was intact adder esponse occurring with stimulation Urological 

procedure consisted in vesical neck revision and bulbo-urethral plication. Training in urinary 
control is still in progress at the time of writing 

An interview with ¢ roband (Chart IL) and his father (1I-2) in August 1956 revealed 

that the mother (II-1) had diabetes and died in June 1956 at the age of fifty-two of cardiac 

failure. She had had diabetes mellitus fifteen years prior to her death. The father has arthritis 

and high blood pressure. No accurate information is available as to the mother’s length of 

gestation, character of labor, or type of delivery. However, according to our informants, there 
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Fic. 2 
Case 2. Roentgenogram of the pe lvis showing spina bifida occulta 


of the first sacral vertebra and absence of the distal two sacral 
vertebrae and the coccyx. 





JF 
1 ©O NORMAL @ DIABETES MELLITUS 


® AFFECTED 7 PROBAND 
Cuart II 


Case 2. 


was no trauma associated with the birth of the proband. In 1952, the family was told by a 
roentgenologist that the patient “had no tail-bone” and that “nothing could be done about 
his incontinence.” Careful questioning did not reveal any additional abnormalities in mem- 
bers of this pedigree. Roentgenograms showed the spine and pelvis of the proband’s father 
(II-2) to be normal. 
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Case 3. Photographs taken at age five and six years, respectively, 
showing atrophy of the lower extremities below the knees; flexion con- 
tracture of the right knee; residual foot deformity, bilaterally; and 


ttoecks with lumbar kyphosis 


Roentgenogram of the pelvis showing absence of the fifth lumbar 
vertebra; absence of two sacral vertebrae with symmetric hypo- 
plasia of the rem uning sacr il vertebrae : absence of the cocevx; 
irticulation of the fourth lumbar vertebra with the ilium on the 
right; dislocation of the left femoral head into the iliac fossa; and 
subluxation of the right femoral head. 
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Cuart III 


Cause 3 


Case 3 (H-137-94). Chart IIT, 111-5: This Negro girl was born August 27, 1951. Delivery 
by breech presentation followed the mother’s full-term pregnancy. Birth weight was fou 
pounds, five ounces. The mother had diabetes mellitus which apparently was well controlled 
during this pregnancy. Insulin therapy was begun in 1947. A few days after the proband’s 
birth, it was noted that the infant’s feet were turned in ind she was admitted to John Sealy 
Hospital on December 3, 1951, for evaluation 

Physical examimation at that time, and subse jue ntly, revealed the following inomalies 

ephaly, convergent strabismus (diagnosed as an alternating esotropia), marked atrophy 

lower extremities below the knees with lmitation of motion at the knees, bilateral 

t talipes equinovarus, dislocation of the left femoral head, and a flattening of the 
buttocks with lumbar kyphosis (Figs. 3-A and 3-B). 

Roentgenograms of the pelvis (Fig. 3-C) made when the child was five 


years old re- 
ealed the following anomalies: absence of the 


fifth lumbar vertebra with articulation of the 
fourth lumbar to the ilium, only three readily identifiable sacral vertebrae all showing svm- 
metrical hypoplasia, absence of the coceyx, dislocation of the left femoral head into the ilia 


fossa, and subluxation of the mght femoral head. Treatment consisted in manipulation and 


t with poor but functional results, surgical construction of a shelf 
for the left acetabulum, and Achilles tenotomy on the right leg, the 
being held with a brace. The patient now walks independently. She 

tion but | 


ood 


plaster correction of the fee 


correction thus obtained 


has impaired muscle func- 
sensation below the knees 


Chart IIT shows that the proband has two normal siblings and that there were 


two abortions between these children, one in 1945 and the other in 1947. The 
parents (II-1 and II-2) were both born in 1922. The mother is separated from 


her husband and no contributory information from the paternal side of the family 


was available. Besides the presence of diabetes mellitus in this pedigree, the num- 
ber of abortions is also of interest. Our informant (II-2) states that her sister 
(11-10) and her husband (II-11) sought medical advice beeause they wanted to 
have children but thus far there have been two spontaneous abortions (111-12 and 
[11-13) for no apparent reason. Roentgenograms showed the mother’s spine and 
pelvis to be normal. 


Case 4 (15107-M). Chart IV, II-14: This Mexican boy was born April 4, 1954. The mother 
had normal labor and spontaneous delivery after a full-term gestation. She did not feel well 


during the pregnancy and was told that she had high blood pressure. The birth weight was 
five pounds, two ounces. 


Deformity of the legs and feet and constant dribbling of urine and faeces were noted by 


VOL. 41-A, NO. 3, APRIL 1959 





JOHANNA BLUMEL, FE. B. EVANS, AND G. W. N. EGGERS 
parents The child was admitted to John Sealy Hospital on April 4 
il examination revealed the following anomalies 
pecially marked below the knees; marked 


esistant us; flattening of the 


rectum; and absence of 


atrophy of the lowe 
limitation of motion 
buttocks with double 
inal sphincter tone There 


t il pes equinoy 
hig. 4-A); a horizontal 
the left. femoral head 
Roentgenographic examination of the spine and pelvis (Fig. 4-B) 
the fifth lumbar vertebra with approximation of the ilia in the mid-line 
of the sacrum and coccyx. There was dislocation 
consisted in manipulative 
,oO attempt was m ce 


reve tiled ibse nee 
, and complete 
of the left femoral head 


ind plaster correction of the feet with moderate 
to reduce the hips 


fossa. Treatment 


‘ 
CeSsSs 


lic, 4-A 

Cause 4. Photograph showing 

ie knees; bilateral t 
mmetrical dimpling. 

lig. 4-B: Roentgenogram of the spine and pelvis showing complete 

fourth lumbar vertebra with approximation of 

the left femoral head into the 


Fic. 4-B 


extremities, ¢ 
ind flattening of the 


itrophy of the lowe1 
tl ilipes equinovarus; 


specially marked 
buttoc ks with double 


ibsence of the 


spine be low 
ihe iliac in the mid-line 


and dislocation of 
iliac fossa 








@ ABORTION 
7’ PROBAND 


oo F 
O O NORMAL 
ee AFFECTED 


Cuart IV 
Case 4. 


Chart IV shows that the proband has ten normal siblings and that there have 
been three spontaneous abortions in this pedigree; a female foetus (II-3) at four 
months in 1935, another female foetus (II-6) at four months in 1940, and a male 
foetus (11-13) at two months in 1951. The first child (II-1) died at the age of seven 
months from diarrhoea. The other siblings are well and apparently norinal. 

The proband’s mother (I-2) comes from a family of nine children (three fe- 
male and six male), all apparently normal and healthy. She emigrated from 


THE JOURNAL OF BONE AND JOINT SURGERY 





. 1956. On admission, 
extremities, 
it the knees; bilateral 
symmetrical dimpling 


was dislocation of 


ibse nee 
into the iliac 


PARTIAL AND COMPLETE AGENESIS OF THE SACRUM 


Fia. 5 
showing bilateral hydronephrosis, most 
so demonstrating lumbarization of the 
tL Sixth lumbar vertebra ind absence of the 
nd the cocevx 











1) O NORMAL @ ABORTION 
@ AFFECTED 77 PROBAND 


Cuart V 


( ‘ase a. 
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fexico and has not kept in touch with her family. The proband’s father (I-1) has 


two siblings—a sister with two daughters, one of the daughters having a son, and 
a brother who is without progeny. Myopia is present on the paternal side of the 
family. Roentgenograms showed that the spines and pelves of the proband’s moth- 


er (1-2) and sister (11-7) were normal. 





Fic. 6-B 
Fig. 6-A: Case 6. Photog: iph showing bilateral itrophy of the muscles below the knees and 
bilateral talipes equinovarus with flattening and prominent dimpling of the buttocks 
Fig. 6-B: Roentgenogram of the spine and pe lvis showing comple te absence of the spine below 
the third lumbar vertebra with approximation of the ilia in the mid-line and bilateral disloca- 


tion of the femoral heads into the iliac fossa 


Case 5 (47122-M). Chart V. I1-5. This white girl was born January 5, 1950. The mother 
had a nine-month pregnancy, the last three months of which were accompanied by excessive 

omiting and oedema. Labor and delivery were normal 

The patient was first seen at John Sealy Hospit il on July 17, 1957, at which time she was 
idmitted because of excessive and frequent urination, a condition present since birth. Exami- 
nation revealed a rather thin, pale child, somewhat smaller than the average seven-vear-old 
There were no gross physical ibnormalities other than that the cocevx could not. be palpated 
There was no sensory loss and no motor deficit. 

Roentgenographic examination of the pelvis (Fig. 5) showed lumbarization of the first 
sacral vertebra or a sixth lumbar vertebra and absence of the distal two sacral vertebrae and 
the coceyx. Pvelography revealed bilateral hydronephrosis, more marked on the left. A 
diagnosis was made of paralysis of the external urethral sphincter, neurogenic urinary blad- 
der and ureteral stricture, the latter being confirmed surgically. The patient was ultimately 
treated with ureterostomy. 


The mother of the proband (Chart V, II-2) is of Indian ancestry on her 
mother’s side, was married at thirteen years of age, and is now a widow. Her hus- 
band died in July 1954 at the age of thirty-five of heart failure. High blood pres- 
sure and enlarged heart are prevalent in her husband’s family. In addition to the 
proband, there are six normal siblings in this pedigree. The youngest boy (III-8) 
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was born out of wedlock on March 11, 1956. III-6 died at the age of two and one- 
half years Ol leukaemia and malignant brain tumor. III-1, a girl, was stillborn 

The proband had an eleetro-encephalogram made on July 24, 1957, which 
showed a normal tracing. Psychological evaluation in August 1957 using the Re- 
vised Stanford-Binet Seale (Form L) showed that the patient is somewhat men- 


?" 














, 


Foe 


: 
: 


NORMAL @ DIABETES MELLITUS 
@ AFFECTED POLYDACTYLY 
PROBAND 


tally retarded, achieving a mental age of five vears, tWo months at a chronological 


age of seven years, seven months 


Case 6 (14829-J). Chart VI, I1I-10: This Negro girl was born ist 26, 1953. The mother 
id a full-term pregnaney and normal labor and delivery. TI 
Sealy Hospital on October 26, 1953, for of a cleft lip. ’ 
> noted at birth 
Physical examinatio 


ie IMmiant idmitted to John 


following anomalies | i 
ral dislocation of both femora u 1 ked limitata motion 1 voth knees with 
itrophy of the muscles below the knees, bilaterally ; bilateral talipes equinovarus; flattening and 
rominent dimpling of the buttocks, bilaterally; and an almost horizontal rectur hig. 6-A) 
Roentgenograms of the spine and pelvi lig. 6-B) revealed complete sence of the 
spine below the fifth lumbar verteh 7 eV in approximation of the t in the mid- 
line and bilateral dislocation of th I into the iliae fossae. It was evident from 
subsequ nt obse1 tions t t ther sno voluntary control of bowel ind bladade unctions 
p, gradual man 
ul 
‘hart VI shows that diabetes mellitus and polydactylia are both present on 
the maternal side of the family in this kindred. The polydactylia shows variability 
of expression. II-7 has diabetes and extra digits on the hands and feet, and he 
has a daughter (not shown on chart) with what our informants (11-5 and II-6) 
ealle d “ape toes”. that 1s. small toes overlapping other Loes The r ld st brothe r ol 
the proband (III-2) has extra digits on both hands i nd has two sons (1\ -1 and 
IV-3) who show the same anomaly. This is a large pedigree and all members not 
directly concerned were excluded Roe ntgenograms showed the spines and yo Ives 
of the proband’s parents (II-5 and II-6) to be normal 


Case 7 (5121-K). Chart VII, I-13: This white boy was born April 2, 1954, following an 
uncomplicated term pregnancy. There were two days of false labor with rupture of the mem- 
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7-B 


patient was four vears old, showing poor de- 
below the knees with some residual foot deformity 


spine and pelvis showing fusion of the left eighth and ninth 

t bifid eleventh thoracic vertebra; an extra right hemivertebra with 

th and twelfth thoracie vertebrae; gross deformity of all lumbat 

ind fourth lumbar vertebrae being left hemivertebrae; absence of 
rtebr ic, and ibsence ol the cocevyx 








(1) © NORMAL @ ABORTION OR STILLBIRTH 
AFFECTED 77 PROBAND 


Cuart VII 


Case 7 


prior to delivery. Labor began again twenty-four hours before spontaneous 

pound infant. Examination of the infant revealed an imperforate anus 

deformities of the legs and feet. The child was referred to John Sealy Hospital on April 
1954. At this time, it was apparent that the lower extremities were poorly developed below 
knees with talipes equinovarus on the left and talipes caleaneovalgus on the right (Fig. 
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Fic. 8-A Fic. 8-B 


Case 8. Roentgenograms of the spine and pelvis showing high thoracic scoliosis associated 
with minor vertebral inomalies at this level and absence of the distal three sacral vertebrae 
ind the cocevx 


2 


I. —O O- 














veer 











3 9 
1 O NORMAL @ ABORTION OR STILLBIRTH 


@ AFFECTED 7 PROBAND 


Cuart VIII 
Case 8 


7-A). Sensation in the lower extremities was intact. Imperforate anus and a prostatic urethral 
stricture were noted 
Roentgenograms of the spine and pelvis showed multiple vertebral defects extending 
yn the lower thoraci irene distalward The mnaperforaute inus Was corrected ind during this 
rocedure, a recto-urethral fistula was found and repaired. Suprapubie evstostomyvy was per- 
ormed. and plaster correction of the feet was begun. The feet. were eventually sufficiently 
orrected for weight-bearing and the child became ambulatory with a walker 
fecent roentgenograms (Fig 7-B) show more clearly the following fusion of the left 
eighth and ninth ribs at their vetebral ends; a bifid eleventh thoracic vertebra; an extra rmght 
} 


hemivertebra with a rib between the eleventh and twelfth thoracic vertebrae; gross deformity 
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of all lumbar vertebrae with the second and fourth being left hemivertebrae; absence of 
distal two sacral vertebrae ind absence of the cocevx. Subsequent urological study 
iled absence of the right kidney and hydronephrosis of the left kidney. Ureterostomy 


with ileal conduit was performed and drainage of the left kidney has improve d 


The parents of the proband (Chart VII, II-14 and II-19), in an interview, 
claimed that theirs was a planned family ; however, no chemical contraceptives had 
heen used. History on the maternal side of the family revealed that there was a 
male stillbirth (IT-15). IT-16 died in 1939 at the age of twenty-five years of 
malignant nevus. II-18 died when only a few weeks old from unknown causes 
11-22 was delivered by breech presentation and has a curvature of the spine 
111-14 has rheumatie fever and IIT-15 suffers from numerous allergies. 

The paternal history disclosed that IV-6 was born with eyanotie cardiac dis- 

ITT-11 was a stillbirth. IT-1 died at the age of seven months of intermittent 

IT-2 was a female stillbirth and II-7 died at the age of four years of croup 

Roentgenograms revealed the spines and pelves of the proband’s parents (II- 

14 and IT-19) and older brother (IIT-12) to be normal. 


11807-1 Chart VUI. 111-2: This white woman, born April 21, 1909, has been 
Sealy Hospital for recurrent urinary complaints since 1953. Her first: admission 
1948 was for correction of inguinal hernia. Her second hospital admission 
f chronic evstitis for which she underwent. cystoscopie and 

third admission in Februarv 1958 a diagnosis of bilateral 

vesico-ureteral reflux was made. The urinary bladder was 

rabeculation, probably neurogenic in origin 
ind 8-B) revealed the incidental findings of: high thoraci« 
tebral anomalies t this level ind absence of the distal 


VIII) disclosed the following additional information 
regnaney labor ind delivery: however, the proband 
one side. She was delicate in her vouth, had pleurisy 
onstipation and weakness of the bladder. At the 
of pvelitis. In her third month of pregnanev she 
delivered by Cesarean section because of her 
According to the proband, no roentgenographi 
during her pregnaney. She had an episode 
This persisted for twelve days post partun 

the fallopian tubes ligated 
tomy, and “straightening” of the colon per- 


Addition i] information in regard to her family historv reveals that on the 
maternal side the proband’s grandmother (1-3) had a double hernia; IT-8 died at 
vears and one of twins (11-10) died at birth; the other twin died at 

we of two or three months. IT-11 died of Parkinsonism. On the maternal 

de of the family IT-4 died at the age of four of diphtheria The proband has one 
brother (I1I-6) whose wife has a normal ehild by a previous marriage. Tt is ap- 
parently not possible for the present union to produce children There has been 
one spontaneous abortion (TV-3). Our informant, the proband, stated that her 
mother had always been rather evasive about her two abortions (IIT-7 and ITT-8). 
One other point of interest is that individuals on the maternal side of the family 


have so-called “short ner ks.” 


RESULTS AND DISCUSSION 


Table T summarizes results in fifty patients, twenty-seven male and twenty- 


three female, of comple te (thirty-two cases) and partial (eighteen cases) absence 


or malformation of the sacrum with associated anomalies 

Cases 1 through 8, from John Sealy Hospital (Table T and Charts T through 
VIIT), have been reported in sufficient detail in order to be of value for future 
workers who might wish to use them for genetie analysis. 

Roentgenograms and brief deseriptions of Cases 12, 13, 14, 15, and 16 in 
Table T were published by Shands and Bundens. No case histories were reported 
by t] cst authors Case 35 (Table I) may have been reported bv Zeligs in 1940 
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To our knowledge, the remaining cases have not been reported in the literature. 

Table I reveals that the most severe vertebral malformation in this study 
occurs in Case 37. Here the spine is absent below the twelfth thoracic vertebra. 
Only two patients more severely affected were found in the literature. Friedel 
reported a female patient with absence of the spine below the tenth thoracic ver- 
tebra and Sinclair and associates reported a boy with absence of the spine below 
the eleventh thoracie vertebra. In Cases 34 and 48 the lowest vertebra present is 
the first lumbar. Of our own eight cases, the patient in Case 6 is the most severely 
involved. The spine is absent below the third lumbar vertebra, and in Case 4 the 
spine is absent below the fourth lumbar vertebra. From these extremes there is a 
gradation to Cases 1, 13, and 29 where only malformations are shown. 

Table I reveals that this study includes four Mexicans, three Negroes, forty- 
one white patients and two whose race is unknown. 

The incidence of defects associated with complete and partial absence of the 
sacrum and coccyx are summarized in Table I. There were fourteen cases of spina 
bifida. Meningocele was present in five patients. Defects in the lower extremities 
included twenty-seven cases of club-foot. Twenty-one of these patients are in the 
group with complete absence of the sacrum and coceyx. Paralysis was present in 
four patients, atrophy in five, and contractures in ten. In all of these the per- 
centage of defect is much higher in the group with complete absence. This is also 
true in patients with dislocated hips. Arthrogryposis was demonstated in six pa- 
tients, bladder or bowel dysfunction, or both, in ten and anal defects in five. 
Cleft lip or palate, or both, was present in three patients. Herniae were present 
in four patients; three of the four were female. 

Miscellaneous concomitant anomalies (Table I) were: strabismus; ureteral 
stricture; undescended testicle; urethral stricture; absence of right kidney; recto- 
urethral fistula; rectovaginal fistula; absence of middle phalanges of all toes of 
the left foot except the first; dysplasia of the right hip; coxa vara of the right 


hip; bilateral coxa vara; synostosis; congenital cardiac disease; microcephaly ; 


anophthalmos, left eve; ankylosis of the mandible and maxilla; reduplication of 
colon, penis, and bladder; bilateral absence of fibulae; fusion of the left ankle 
and foot in dorsiflexion; defect of cord; rudimentary lower extremities; shallow 
acetabulae; anaesthesia below the knees; deformed pelvis; and various rib an- 
omalies 

Table I summarizes the types of delivery and the possible related etiological 
factors in addition to heredity. 

Anomalies in collaterals and ascendants were present in 22 per cent of all 
patients. These include diabetes mellitus (Cases 3 and 6), polydactylism (Case 
6), “intoe deformity” of one foot (Case 17), internal strabismus (Case 26), achon- 
droplasia (Case 28), congenital anomalies of the thumb (Case 40), club-foot 
(Cases 35 and 42), congenitally dislocated hips (Case 44), meningocele (Case 35), 
deaf-mutism (Case 38}, and Legg-Perthes disease (Case 29). 

Abortions occurred in seven women of the fifty families. Three of the seven 
were among our own eight cases and it is conceivable that more detailed family 
histories of all patients would lead to detection of additional spontaneous abortions 
in individuals from families with cases of sacral agenesis. 

Breech presentation was the method of delivery of approximately 18 per cent 
of the patients Cesarean section was performed for one patient. There were two 
premature and postmature births. Actually, the number of premature births in this 
report would be greatly increased if birth weights were used as the eriteria for 
prematurity. 

According to Foix and Hillemand’s classification, sacrococeygeal agenesis can 
be divided into four types depending on the degree of involvement. Most of the 
cases in this study fit this classification. The clinical features such as skeletal, 
visceral, and neurological abnormalities manifested in the patients in this report 
closely parallel those published previously and discussed by the authors 
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The phylogenetic loss of a tail in man is of interest from a purely evolutionary 
standpoint. In the animal kingdom loss of the caudal portion of the vertebral 
column is not uncommon. Rumplessness in fowls was known to Highmore in 1651 
and still occurs spontaneously in fowl populations. Danforth produced artificial 
and hereditary suppression of sacral vertebrae in the fowl. Landauer produced 
rumplessness in chicken embryos by the injection of insulin and other chemicals. 
The injection of insulin produced complete rumplessness or variations between 
this condition and a normal tail. Duraiswami also induced skeletal abnormalities 
in developing chickens by the injection of insulin. Baldwin artificially produced 
spina bifida in frogs by the action of ultra-violet rays upon the eggs. In 1896, 
Hertwig reported the production of spina bifida in frog embryos by various 
chemical and temperature changes. Warkany and associates produced malforma- 
tion in rats by maternal nutritional deficiencies. One of the more striking reports 
is by Dunn and associates on a mutation in the meuse, first found by Danforth 
to affect the spinal column and urogenital system. In the heterozygous (gene pres- 
ent once) condition in these animals the sacral region is frequently shortened, with 
occasional scoliosis or lordosis; either one or both kidneys are missing or abnormal- 
ly small. Mice homozygous (gene present twice) for this condition die within 
twenty-four hours after birth. They always have imperforate anus and partial or 
complete absence of kidneys and other parts of the urinary and genital system. 
The spine ends in the lumbar region. 

Zilva and associates reported pigs without hind limbs. These were produced 
by sows fed on diets deficient in Vitamin A. Freedman stated these are reminiscent 
of Brack’s case where the lower limbs in a human stillborn appeared to be com- 
pletely absent, but upon roentgenographic examination a left femur was found 
with indications of a vestigial left tibia and right femur. 

The few instances cited previously furnish evidence of the diversity of ways 
by which anomalies may be produced. Thus, it is conceivable that certain illness- 
es, the presence of toxic substances in the maternal circulation during pregnancy, 
or pyrexia might have a teratological effect on the developing embryo. Whether 
some genotypes are affected more frequently than others by certain conditions 
operating during early fetal development is one of the many questions asked in 
this long-term investigation. Some cases of sacral agenesis are probably due en- 
tirely to heredits Whether this is due to recurrent mutations or the chance com- 
bination of recessive genes and their modifiers or both is still a matter of specula- 
tion. Only one instance where absence of the sacrum was inherited from father to 
son is recorded in the literature *. One approach in elucidating this problem was 
to examine roentgenogr: phieally the spines and pelves of the probands’ families 
So far, roentgenograms made of one or both parents in Cases 2, 3, 4, 6, and 7 and 
the proband’s sister in Case 4 and brother in Case 7, reveal normal findings. 


SUMMARY 


1. Fifty cases of complete or partial agenesis or malformation of the saerum 
with associated anomalies have been reported. These inelude members of the Mexi- 
can, Negro, and white population. 

2. In thirty-two cases reported there is complete absence of the sacrum and 
coecyx, and in eighteen there is partial absence or malformation of the sacrum and 
cocceyx, 

3. Vertebral defects in these patients range from complete absence of the 
spine below the twelfth thoracie vertebra to minor malformations 

4. Associated anomalies inelude spina bifida; meningocele; elub-foot; paraly- 
SIS, atropl V; contractures; dislocated hips; arthrogry posis; bladder or bowel dys- 
function or both; anal defeets; cleft lip or cleft palate, or both; and herniae. Other 
concomitant anomalies present are report d. 


5. Possible related, contributing etiological factors sueh as complications of 
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pregnancy, diabetes mellitus in the probands’ mothers, spontaneous abortions, 


and types of gestation and deliveries are presented. 
6. Anomalies in collaterals and ascendants are reviewed. 
7. Spontaneous and artificial production of spine anomalies in animals and 
their genetic implieations have been discussed 
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Reconstruction of a Digit Following Loss of All 
Fingers with Preservation of the Thumb* 


LASSAR, M.D., ST. LOUIS, MISSOURI 


4. The Jewish Hospiial of St. Louis and The De 


y of St. Louis Unive ty. St. Loui 


The initial care of a wound of the hand is the most important step in its 


treatment °. Although the first task is that of débridement and wound closure, it is 
beneficial to plan at that time for reconstruction. In fact, reconstruction actually 
starts with initial care because its possibilities and limitations are frequently de- 
termined by the status created by the first definitive treatment. The following 
case 1s reported because it illustrates certain advantages derived from the ap- 
plication of this and other principles in the surgical treatment of the severely in- 


jured hand. 


Fig. 1-A: Photograph of the anterior view of the hand mad 
The I ilmar flap has been advances ends of the meta irpals 
osition with towel clips 

Fig. 1-B: Dorsal view showing distal marg f the palmar 


dorsal-skin margin 


“skin 


On March 2, 1956, the } nt’s right hand was caught in a punch 
tent that traumatic amputation resulted extending obliquely from t 


finge ross the palm, to the base of fifth met 


r, a 
Parallel to the plane of iputation ran a deep lacerat 
les of the thenar eminence and the median nervy 


integument which proved 


eXposil the mus 
1-A and 2, this laceration delineated a flap of palmar 
was carried out with the patient 


in Figures 
to be adequately vascularized. Definitive wound treatment 
thie iccident. The skin was washed witl } 


el ind 


under general anaesthesia two hours afte1 tisol 
solution and the wound irrigated with saline. Débridement was performed wit 
lines of the metacarpals were rounded wi 


scissors and the Jagged fracture th rongeul 


How to close the plane of amputation and the laceration at the base of the 
palm had to be decided. The follow Ing possibilities were considered: 
Application of a split-thickness graft was out of the question since the ends 
* Read at the Annual Meeting of the American Society for Surgery of the 
Illinois, January 24, 1959 
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metacarpals were exposed ; even if these 
‘overed with muscle and subcutaneous 
us felt that such a cover, over an area 
ve to withstand trauma, was at best 

PpPorary DicaAsure 
nary closure would require resection of at 
wo centimeters of the remaining metacar- 
this hardly seemed prudent in view of the 

ilready sustained 

\n abdominal flap would serve adequately 
it had the disadvantages common to applica- 
tion of a distant flap compared with that of a local 
flap. Furthermore, abdominal skin which remains 


inaesthetie and unable to withstand injury is not 
Diagrammatic drawing of 
the orginal injurv” showing 


trauma the level of amputation and 


desirable in any area which is subject to frequent 


aneement seemed to offer the best secondary laceration Cross 
SOLUTION Decause (l) a flap had already been the palm of the hand 
eC! the mjury (2) this would permit the 
stump to be covered by palmar skin for which there is no adequate substitute; and 
(3) further reconstruetive work would be somewhat simplified by the presence 


of a palmar pad having good sensation 


\ccordingly, the palmar flap was sutured to the dorsal-skin margin there- 


verimg the stump (Fig The median nerve was Inspected and appeared 


Fic. 3-B 


Mav 28, 1956, two months after injury. Cleft 
madex finger has been completely obliterated 


the same time to show remnants of 


is motor component to the thenar muscles could not be identi- 
fied without further dissection whieh was not felt to be expedient at the time. It 
Was possible to cover the nerve with palmar fascia and the defect, resulting from 
the flap advancement, was covered by a split-thickness graft taken from the left 
thigh (Fig. 4-A). The graft was held in position with a sea sponge stent and a 
pressure dressing Was then applied sequestrectomy of the distal end of the meta- 
carpal of the index finger had to be performed on May 10, 1956; by May 28, 1956, 
the stump was well healed. Figure 3 shows the condition of the hand at this time. 
There was approximately 50 per cent limitation of thumb motion and complete 
obliteration of the cleft between the thumb and index finger. The patient was put 
on an intensive physical therapy regimen which included application of a dynamic 
splint designed to inerease the motion of the thumb. Some lnprovement followed 
in the ensuing months but there was still much to be desired 
The next problem was to restore grasping funetion in the hand. Much of what 
has been learned from the abundance of material found in the literature ‘3:4 is ap- 
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plicable to the reconstruction of an opponent to the thumb. In this case the prob- 
lem was twofold: (1) mobilization of the thumb; and (2) restoration of an oppo- 
nent to the thumb. The latter may be accomplished in several ways. If the heads 
of the fourth and fifth metacarpals remain, against which a mobile thumb eat 
be opposed, no further action is necessary. With a functioning thumb, most am- 
putees are fitted with a partial prosthesis ® in the form of a hook or rigid device 
against which the thumb may work. Opposition can also be achieved by deepen- 
ing the thumb cleft. If necessary, the metacarpal of the index finger can be re- 
moved and utilized to lengthen a digit 7. An opposing digit-like structure can also 
be constructed by means of a tubular pedicle and bone graft '*. A digit can be 


transplanted from the uninvolved to the injured hand * 


Fig. 4-A Ce 


hig. 4-A: Drawing of the hand following initial surgical re- 
r to show palmar flap advanced and sutured to the skin 
rgin on the dorsum. Defect closed by split-thickness graft 
1-8: Drawing made prior to reconstructive surgery show- 
skin flap outlined by dark line 


nh 


i 
hig 
gz the 


i! 


/ 


[ 


ic, 4-D 


nd 1-D) D iwings made to show technique used for reconstruct 
i portion of the metacarpal of the index finger and thrusting it into t] 
metacarpal of the middle finger 
1-I Shin flap has bee ound bone ds sut 


RECONSTRUCTIVE PROCEDLU RI 


The thumb was mobilized by capsulotomy at the me tacarpophalangs al joint 


on July 22, 1956. At the same time an incision was made across the palm follow- 
ing the lower border of the skin flap previously used to cover the ends-of the meta- 


carpals The second and third metacarpals were exposed and the distal three- 
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quarters of the second metacarpal was removed. The proximal end was then shaped 
and inserted into the medullary cavity of the third metacarpal. Position was main- 
tained by an intramedullary Kirsehner wire. The palmar flap was remobilized 
ind cut across at the thenar attachment. It was then swung around the protruding 
bone graft and sutured to itself, thereby furnishing an adequate cover of func- 
tional skin (Figs. 4-B through 4-E). The hand was immobilized in a pressure 
dressing and a plaster splint. Following healing, physical therapy was begun in 
order to strengthen and mobilize 
the thumb sufficiently to oppose 
the newly formed digit. The pa- 
tient developed considerable dex- 
terity so that he was able to use 
the reconstructed hand for feeding 
himself, writing, and performing 
many functions requiring grasp 
(Figs. 5-A, 5-B, and 5-C). 

In order to evaluate this 
reconstructive procedure, we in- 
terviewed twelve patients with 
similar defeets who wore work 
prostheses. The consensus was 
that the appliance served well for 

tly after rec Tr strenuous manual labor. However, 


Kirschner : : : Pati - 
for finer, more discriminating 


Fia. 5-C 
( healed hand showing opposition of the 
Pigmented area represents skin graft. 
itient using a newly formed digit to hold a nail 


functions of the hand it was unsuitable. Therefore, if palmar skin is available, 
this proceedure could be advantageous, particularly in those patients whose injury 
involves the dominant hand or when it is desirable to retain stereognosis and 
tactile sensation, such as in blind patients or in those individuals whose work re- 
quires sensitive use of the hand rather than strenuous manual labor. 

\lost reconstructive procedures are accused of entailing too many operations 


over too long a time. The rehabilitation of this patient was accomplished during 
period of twelve months and required only two surgical procedures, the initial 


surgery and the reconstructive surgery. The suceess of the operation obviously de- 
pended on the advancement of the palmar flap to close the wound. The transverse 


laceration through the base of the palm, leaving a flap available made success 


possible 
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DISCUSSION 
Dr. Georce S. PHALEN, CLEVELAND, On10: I am in accord with all the principles empha- 
sized in Dr. Lassar’s paper. Dr. Lassar was fortunate to have a palmar-skin flap cut and ready 
to be advanced to supply skin with normal sensation over the end of the stump. In a badly 
ontused and mangled hand, it is not often feasible or even advisable to carry out the addi- 
tional dissection necessary to advance a large local skin flap. Such a procedure may contam- 
nate a portion of the hand which was not originally involved. There is also the danger of 
ischaemic necrosis of a portion of the flap due to vascular trauma from the original injury 
The use of a primary abdcminal pedicle flap is more often the procedure of choice. A 


pedicle flap neve! develops the sensation of palmat skin, but a very satisfactory degree of 


ictile sensation usually develops 

In many of the cornpicker and punch-press injuries, the thumb is fortunately spared. The 
resence of a normal thumb makes reconstruction of the hand much easier. As Dr. Lassar 
showed us, a thumb and one digit will usually provide good function 


Dr. LAssar closing) I would like to idd that following these various reconstruction pro- 
cedures particularly when an ittempt is made to save sensation, the patient frequently has a 
weak hand which can be fitted with a prosthesis for heavy work. Sometimes in the recon- 
structed hand with intact sensation finer types of work can be done 
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Corrosion in a Device for Fracture Fixation * 


BY JONATHAN COHEN, M.D., AND GEORGE HAMMOND, M.D., BOSTON, MASSACHUSETTS 


From the Department of Orthopaedics and Division of Laboratories and Research, 
ldrey VU edical Center, and Department of Orthopaedic Surgery, Lahey Clinic, Boston 


All reviews of recent advances in orthopaedics emphasize the increasingly 
important role which metallie devices play as means of internal fixation of frac- 
tures and as internal prostheses. Successes with these devices, new or old, have 
been reported extensively, but failures have received less attention. Some failures 
are mentioned, almost in passing, as events to be expected when many cases of the 
disease entity or surgical procedure are reviewed *. The failures have generally 
been analyzed as clinical problems, so that few reports of metallurgical or engi- 
neering Investigation oli breakage or corrosion of metallic surgical devices are 
avallabl “M4 This case of the failure of an internal device for the fixation of a 
fracture is presented to acquaint practitioners with the need for thorough investi- 
gation of such failures and to indicate seve ral direetions in whieh such investi- 
gation can be fruitful 

\ won tv- ! irs old, was admitted to the hospital on December 14, 1954, be- 

right hip and inability to walk following a fall. On physical exami- 

tv was externally 1 ited and shortened, and there was marked 

tenderness in the right hip. In addition to the fracture of the right hip, the following medi- 

cal diagnoses were made irteriosclerotic and hypertensive heart disease with slight enlarge- 

ment of the heart, dilation and sclerosis of the proximal aorta, and arteriosclerosis obliter- 

ins of moderate degree. Congestive |} t failure was t present. Laboratorv examination 

thre bloos ind urime g¢ ! It ita thin rma limits wit! the exception of i 
hemoglobin of 10.5 grams an ematoerit iding 

Roentgenographi yuminaty veule severely omminuted intertrochanteri ind 

\ longitudinal fracture separated a large frag- 
! t, the outer half the upper il f vaft t femur, from the main distal frag- 
rent Marked CONG 

On admission, the patient pole i \ raction for control of pain and reduc- 

ember 23 r t ih medical preparation including three 

transfusions ( eduction was perform T large segment of the upper third of 

ift was mobilized and fixed to the dist fragment by two screws. The intertrochan- 

ind subtrochanteric portion of racture was immobilized by a Smith-Petersen nail 
bolted to a Thornton plate held by six screws. At the conclusion of the procedure the redue- 
tion uppeared sat 1 
iliac-bone grafts were placed medially and anteriorly about the fi 
Following operation, skeletal Russell traction was continued. The wound healed by 


isfactory, considering the degree of comminution and displacement. Multi- 
wture site 
primary intention without evidence of systemic or local infection. Fifty-four days after open 
reduction, traction was discontinued, and the patient began to walk with crutches without 
bearing weight on the right. At discharge on April 15, the patient’s general condition was 
good, the wound was well healed, and the fracture showed early bone union which was not 
sufficient for weight-bearing (Fig. 2). Despite the absence of symptoms, roentgenograms 
made on May 10 and on July 12 (Fig. 3), showed a break in two screws. There was also evi- 
dence in the films that the other screws were slightly loose. Six months after operation, ex- 
imination revealed good motion of the right hip. The operative wound was well healed 
Roentgenographic examination indicated slight sclerosis of the large proximal cortical frag- 
ment and slight delay in union on the lateral aspect of the femur which was thought to be 
i result not only ol t t commiunuted hatul ol the fra ture but ilso ol the ivascularity ol 
the fragment. Union progressing well on the medial aspect of the femur. The patient 
was allowed t r lf of her weight on the extremity, using crutches 

hight ( yrne ill mont rat 1! itient was much more wetive The ex- 


five-eighths of an inel Hip ind knee motion was ex- 


healing of the fracture with no change in the posi- 


fragments. There vy stive evidence of motion of the Smith-P 


etersen nail 


This research was support " irt by a grant from the National Institutes of Health 
{ Public Healt rvi RG -4251 
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Fic. 2 
ram of fracture made on admission showing multiple fragments and in- 
rochanteric, trochanteric, and diaphyseal parts of the femur 
eture made February 17, 1955. The position is esse ntially as it 
it bend 1 F and slight resorption of cortical bone at 
ind 


‘allus is present at the lesse1 ochante 


ral cortical fragments of the femur 


n months after operation, the patient was 

ind was doing light housekeeping entgenograms showed progressivé 
Considering the magnitude of the fracture, the result was considered 
Sixteen months it peration the patient had no complaints and 

s well healed. Roentgenograms showed ex- 

ture. Thev also showed that the nail was loose and 

present al s. The patient was bearing full weight ith and 
of a cane. She vy vised to return if any untoward symptoms appeared 
internal fixation apph ce was considered but was not urged because of the 


toms. the lack o il 1 l I 1e wound, and the medical risk of another 


rocedure 
itient was admitted to another hospital on May 17, 1957, twenty-nine months 
for treatment of a firm tender swelling of two weeks’ duration on the posterior 
right thigh. The swelling had become larger and more painful, but the patient's 
tion was good and there was no history of fever. The swelling was incised and 
rs ol cloudy Serosanguinous pus was ey icuated No organisms could be 
this material 
eturned on October 14, 1957, because of persistent drainage from a sinus 
sical examination showed a draining sinus surrounded by 


he nght hip again showed excel- 


rior spect of the thigh. The scanty vellow serous dis- 


coagulase sitive 


No new medical diagnoses wert ident 
wit! 


is reo} ( and consider ible re place- 
s evident. The sinus tract entered the 
surrounded by a heavily scarred wall lined 


inulation tissue and « lh cloudy yellow serous exudate. The plate 
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issembly could be moved slightly in all directions All of the screws in the plate were loose 
although the threads were still holding. The plate and nail 
of the assembly was securely fastened. A portion of one 
it was covered with bone. Except for the shaft 


in the bone and turned easily 
were removed as a unit since that part 
ff the broken screws was not removed, since 
items used for inte rnal fixation were recove red at this op- 
union in good position. A poly- 
sinus tract was left 


of this one screw ill of the metalhi 
eration. Inspection of the fracture site reve iled solid bone 
tube was inserted for irmgation and the wound was closed. The 
tissue surrounding the bone plate showed 


ethvlene 
open for possible drainage. Microscopi illv, the 
hronic inflammation, granulation tissue considerable brown staming pigment which stained 


velv for iron, and foreign-body giant-cell reaction 


Fic. 3 


enogram of fracture made Julv 12. 1955. Screw D has broken at the plate 


is broken ir the lateral cortex Resorption has begun at the later 
There is increased callus medially The density of the lateral corti 


il 
il 


fracture made October 15, 1957 The fracture is well healed The 


om below, is seen in the vicinity of the lower and upper | 
erew head from serew D 1s near screw A. that of serew F is later 


s evident distal to the Smith-Petersen nail and near seve! 


‘ isoc of hvpotension occurred but the patient appe are 


tion upon completion of the procedure. About six hours alter the oper 


r parts 


il 
il 


d 


i- 


suddenly became hypertensive ind febrile. The hypertension lasted for about one- 


in hou 


patient remained unresponsive Kighteen hours after operation, she 
left upper and lower extremities. A positive Babinski reflex was present 


rt 
facial ] ilsv was evident An electrocardiogram indicated cute mvo- 


itient died on the fourth day after operation 


mvocardial infarction as the cause of death. Additional find- 


severe arterioselerosis and ¢ ilcification of coronary arte 


vessels vorta und oma 


r- 


n branches; severe iurteriost lerosis of the vessels of the 


kidnevs and adrenal glands; recent microscopic hemorrhage of the right internal 


‘ ile: small eyst, probably 1 
nternal capsule, left thalmus. and right temporal lobe; acute peptic ulcer, 0.3 centimeter 


ni 


diametet recent miarcts 1n 
l ’ 


epresenting old hemorrhage im the left’ internal capsule, right 


in 


the spleen; and healed fracture of the right femur, with marked 


fibrosis, chroni inflammation, and large collections of iron-containing pigment in macro- 


phages ind extracellularly (rust g1 inuloma) 


THE JOURNAL OF BONE AND JOINT St RGERY 





CORROSION IN A DEVICE FOR FRACTURE FIXATION 527 
THE METALLIC SPECIMENS 

The Smith-Petersen nail, Thornton plate, and bolt were disassembled. The 
screws were labeled A to H according to their placement, A having been in the 
most proximal portion of the appliance (Fig. 5). The metallic items were then 
washed in soap and water, and the clots were removed with the aid of a cloth and 
a soft nylon brush. Each item was examined under the dissecting microscope ; its 
magnetic attraction was then tested with a small Alnico magnet. The general com- 
position of each item was first identified by rapid spot-testing procedures '™, fol- 


lowed by analyses for chromium, nickel, and iron by colorimetric methods 1’. Spec- 


trographie analyses were performed in several instances by the use of a Jarrell 
Ash grating with a plate factor of 10.9 Angstr6ém units per millimeter in the first 
order and 5.45 Angstrém units per millimeter in the second order and by the use 
of a Iigh-voltage spark with pre -exposure sparking time of ten seconds and ex- 
posure time oI fhiiteen to t 


hirty seconds. These were supplemented by fluorescent 
x-ray analysis 


ind disassembled, before washing. Screws D and F are on 
ibove screw H at bottom left. Screws C and G show a slight 
screws is clot, but some tarnish is also evident. 


corrosion were examined microscopically before and after rapid 
etching with acid. No measurements of tensile strength were attempted From 
fabrieators of the Smith-Petersen nail and of the Thornton plate and bolt the 
specifications concerning their composition were obtained. Since the screws had 
come from the central surgical supply of the Clinie, where all stainle tee] screws 
were stored together, the fabrieators of the individual screws could not be identi- 


* Chemical analyses supervised by Dr. Truman J. Licht, Boston College, and fluorescent 
x-ray analvsis was done by Dr. Kenneth J. Tauer, United States Army, Watertown Arsenal 
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hed 


and later personal discussion with representatives, revealed that the specifications 
for composition of the nail had changed from AISI type 303 to AISI type 316 


during the interval 1954 to 1958, but that the plate specifications had remained 
The degree of correspondence ot specifications to actual 


Correspondence with the companies which manufactured the nail and plate, 


those of AISI typ 303 


COMposition will be noted in Table I 


Parenthetieally, it may be added that the 
ecifications for chemical composition, furnished by the applance manulacturers, 
were those given them by the producer of the stainless steel to indicate complhi- 
No check analyses were made by both of the companies 
j 


is recelved 


=) 
| 


ince With specifications 


question Of thie 


THREADING THREADS 


Tas.e | 





Fic. 6-B 
the Thornton plate. The threads 


d. The bolt head 





rew 2D) showing marked pitting in the fifth and sixth thread grooves. A large hole is evident 
right side of the ninth grove 
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RESULTS 


Two principal sites of corrosion were evident: the bolt shaft and tip (Figs 
6-A and 6-B), and the shaft of the bone serew D (Fig. 7). The bolt showed a 
tmarked loss of substance at the threaded portion, particularly in the mid-shaft, 


and a pitted appearance in the terminal portion. The outer surfaces of the bolt 

head and slot, and the flat undersurface of the bolt head, did not show a gross loss 

of substance although the sheen was dulled. A sheht scoring of the slot had been 

caused by screwdriver slippage. Rust had accumulated at the junction of nail 

and plate (Fig. 8-A), and in the nail socket (Fig. 8-B). When these rust aecumu- 

lations were removed, the surfaces of the nail and plate did not show significant 

loss of substance or intensified discoloration 

The physical descriptions of the serews are found in Table I. All were of the 
Sherman type with single slot and self-tapping tip 

The broken screw D (Fig. 7) showed 

marked pitting at its fracture site. The 

pitting had oceurred only in that part of 

the shaft from the third to the ninth 

threads and involved six grooves of the 

screw on one side only The pits extended 


into the substance of the serew about one third of its diameter and were par- 
ticular 
The surface of the serew was dull grey When the serewhead was fully inserted 


ly deep at the fracture site. They were filled with a grey, granular mass 


into the plate (serewhead countersunk), the thickness of the plate covered three 
threads of the screw, that is, nearly all of the corroded portion of the screw was 
at some distance from the plate 

The broken serew F showed a sheared surface which had the same general 
tarnish as that seen on the head and shaft, but no pitting. Serews A, C, F, and G 
showed an over-all loss of brightness and thin, dark grey tarnish which could be 
abraded with eas by emery paper, leaving a bright surface. All had serewdrivet 
marks and, where there was contact with the plate, areas of erosion (but not cor- 
rosion) at the undersurfaee of the head and adjoining threads. These areas of 
erosion were brighter than the surrounding tarnished surface, and no rust was 
found in relation to them. Two of the serews (C and G) showed a very slight 
bend in the mid-portion. Concerning tarnish and markings, serew // differed but 
little from those already deseribed. The tarnish was slightly lighter, and the 
driver marks and plate erosion marks slightly less prominent, The two screws 
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» 


which fixed the free fragment to the remainder of the femur (B 
vet another type, 


and EF) were of 
and showed decidedly less tarnish than the other screws, but 
also had pronounced driver marks in the slots. No evidence of rusting was found 
on these screws 

The outer and inner surfaces of the Thornton plate were bright and shiny 
including the areas of slight scratching near the screw holes, but the surfaces of 
the serew holes were a dull grey. Exeept for the rust accumulation already de- 
scribed, there was no sign of corrosion on the plate ; when the accumulation was 
removed, the metal uncovered was shiny and untarnished. 


the « 


ureas ol 


The surface sheen of the Smith-Petersen nail was slightly dull, but except for 


‘orrosion found 


corrosion 


on it 


at the threading of the bolt socket, there were no localized 
The metal where the manufacturer’s labels had been 





stamped was Intact. The corrosion of the bolt socket was similar in all ways to 
that deseribed for the bolt. The area of corrosion was deep in the socket and did 
not involve the four threads nearest the bolt head. 
tesults of the chemical analyses of the various parts are indicated in Table IT. 
TABLE II 
Per CENT Composition oF Metatiic CoMPONENTS 
Magnetic Probable 
Item Cy Ni Mo Permeability Type 
Screw A 18.16 S85 303 
Screw B 18.44 10.3 0 316 
Screw C IS.31 9.25 303 
Screw D 17.53 9.01 303 
Screw | 18.00 981 0 316 
Screw F 18.51 8.91 303 
Screw (; lost 
Screw H 18.37 9.18 0 
solt 17.63 8.90 0 
Nail 17.89 9.29 0 0 
Plate 17.46 8.70 
AISI 303 
specification 17-19 8-10 0.6 max + or O 
AISI 316 
specification 16-18 10-14 2-3 or 0 
Positive efer to intense s} negatives to negative spot test: and zeros to negative 
Spy ind Sy rogrna } ( S 


DISCUSSION 


The clinical aspects of this case need little comment. The immobilization and 
alignment achieved by the appliance in the first few weeks of treatment resulted 
in healing of the fracture and clinical suecess, despite subsequent loosening of the 
screws and slight migration of the Smith-Petersen nail. The sterile abscess which 
appeared twenty-eight months after operation resulted from the chronic irritative 
properties of the corrosion products, as confirmed by the rust granuloma found at 
necropsy. The metal undoubtedly should have been removed at the time the swell- 
ing appeared in the thigh, instead of simple incision and drainage. It seems prob- 
able that the subsequent secondary infection and the third operation, five months 
later, proved fatal to the patient 

The metallurgical aspects of this ease require a good deal of attention. From 
view, the fixation of the fracture, although considered 


the ie hanical 


adequate, was not ideal. The screws were not exactly parallel, 


point ol 
and at least one was 
for the breaking of 
two serews at about the sixth postoperative month, not preceded by evidence of 
(trauma or 
the corrosion of one screw during the sixth-month interval 


demonstrably bent. However, the most likely explanation 


loosening of and not known increase in stress 


weight-bearing), is 


screws caused by 
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It may be postulated that the serew was so weakened that it broke, thereby in- 
creasing the load on the bent screw which also broke, although the latter was not 
demonstrably weakened by corrosion. The other screws probably were sufficiently 
loose to adapt to the new mechanical pattern since later roentgenograms showed 
bone resorption around them. 

The mechanical considerations fade into relative insignificance before the 
salient feature of the foreign-body reaction. This undoubtedly was caused by 
the products of corrosion. So-called reaction to metallic implants may occur be- 
cause of mechanical as well as chemical stimuli, but the intimate association of 
rust particles with the inflammation in this instance provides good evidence that 
the corrosion products were at least one important factor in its causation. The 
mere presence of scarring, chronic inflammation, and corrosion is not sufficient to 
label any single case as a clinical failure since many successful cases have had 
these processes manifest to some degree. Their excessive extent in this ease how- 
ever is sufficient evidence to incriminate them. 

The data presented illustrate a few of the characteristic ways that corrosion 
occurs in stainless steel. Recent medical literature has not considered in detail 
the application of newer metallurgical knowledge of corrosion to the surgical 
uses of stainless-steel implants. Most articles not only fail to characterize in- 
stances of corrosion by adequate description, but attribute them uniformly to elec- 
trolysis; this is not a meaningful explanation, since every chemical reaction is 
essentially electrochemical. If the term electrolysis is used in its restricted sense, 
that is, the reaction of two different metal electrodes placed in a solution of an 
electrolyte, the term then can be applied to few, if any, clinical instances of cor- 
rosion 

The limitation of space will confine the discussion of corrosion mechanisms 
to the various types of corrosion that must be considered in this particular case. 

The over-all tarnish of the screws may be related to their lesser corrosion 
resistance as compared with plate and nail. The chemical composition of the 
screws, that is, their low content of chromium (at the low limit of specification 
for the steel type), may be held responsible for this generalized process, which re- 
sembles the oxidative reactions of most steels to a fluid environment containing 
electrolytes and dissolved oxygen. The absence of generalized rusting is also 
characteristic of some stainless steels in similar environments at nearly neutral pH. 
Since corrosion may be defined as “the destruction of a metal by a chemical or 
electrochemical reaction with its environment,” the generalized tarnish must be 
considered corrosive. This reaction was not progressive in its dissolution of metal, 
however, and may have protected the metal from further loss. Although a num- 
ber of different steel alloys were used in this instanee, and differences in their 
degree of tarnish were evident, the tissue reaction was probably not related to 
these different degrees of oxidation. Tarnish of this type is not a progressive dis- 
solution of metal. 

No evidence of corrosion resulting from galvanie currents between dissimilar 
metals was evident in this ease. Such evidence would be the localized loss of 
metal from the less noble of the two metallic items at those portions of their sur- 
faces which were in contact. The areas of contact of the metallic items of different 
composition were not the sites of the most corrosion. Only one area of contact 
of items—the bolt thread and nail socket showed significant corrosion and these 
two items had the same general composition. However, the possibility of galvanic 
corrosion cannot be dismissed only on grounds of its absence at areas of contact of 
different metals, although this is strong negative evidence. Galvanic corrosion is 
possible wherever metals of different composition are used, but the limits of varia- 
tion of the composition which permits galvanic corrosion have not been clearly 
shown, particularly for stainless steel. 


LaQue ®? has shown that where galvanic corrosion occurs, its magnitude is 
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not related quantitative ly to the positions of the metallie elements in the electro- 
motive series or of metallie elements or alloys in experimentally obtained galvanic 
series. He e1 iphasized that positions ol metallic elements or alloys in a galvanic 
series depend greatly on the medium in which the metals are experimentally 
tested. Different test conditions will lead to different orders of placement of al- 
loys or metals in relation to one another and the order of placement may have no 
relation to the amount of corrosion encountered. Wesley showed that the impor- 
tunt factors were those influencing the polarization of different areas on metal 
under the conditions of the experimental or practical situation; these factors were 
controlling with respect to the degree of corrosion of galvanic type. Uhlig de- 
fines polarization as the production of counter EMF by products formed during 
or by concentration changes resulting from the passage of current through an 
electrolytic cell. Obviously continued galvanic corrosion depends on continued 
depolarization of the anode or cathode, for example by removal of impermeable 
corrosion products and continual breaking of passivated film. LaQue’s experi- 
mental galvanic series, for which sea water was used as the medium, revealed 
the interesting and pertinent faet that stainless steels as a class exhibited er- 
ratie behavior with regard to their position in the series. The potential for an 
18-8 typ varied from 0.08 volt to 0.53 volt, both determined with respect to a 
saturated calomel half-eell. This means that different items of the same stainless 
steel] may act as the poles of a circuit leading to electrolytic (galvanic) corrosion. 
While this process may have been operative on a microscopic order of magnitude 
in the present case, grossly, most of the corrosion described cannot be ascribed 
to galvanie-corrosion reactions and thus to the diverse alloys used. 

Pitting corrosion is well illustrated in this case by the bolt. This type of 
corrosion is particularly common in the stainless steels and its occurrence at a 
single site demonstrates the principle underlying its localization. This principle 
is the production of either an oxygen cell or a metal concentration cell, probably 
the former. The influence of dissolved oxygen on the rate of corrosion in media 
containing electrolytes is well known. When a single piece of metal is exposed 
in two areas of its surface to two different concentrations of dissolved oxygen in 
the environment, the stage Is set for production of the oxygen cell. This consists 
In the assumption of eathodie properties hy that area of metal exposed to the 
higher concentration of oxygen and the assumption of anodie properties by that 
portion of metal exposed to the lesser concentration. The reason for this phe- 
nomenon is the action of oxygen as a hydrogen acceptor in the electrolyte solu- 
tion. A dissolution of metal from the anodic portion then occurs and continues as 
long as the gradient in oxygen concentration @XIsts or until the cell is polarized 
1y the growing concentration of metallic ions in the solution adjacent to the 
anode. The formation of a metal concentration cell is analogous to that of the 
oxvgen concentration cell but in reverse (that is, in reference to concentration of 
metallic ions as opposed to oxygen In solution). Where the coneentration of me- 
tallie ions in the solution differs from one area to another, that area of metal in 
contact with the higher concentration of metallic ions becomes the cathode and 
that in contaet with the lower concentration becomes the anode. Thus the forma- 
tion of the metal concentration cell tends to counterbalance the oxygen concen- 
tration cell in action. In this particular case, the setting for a differential oxygen 
concentration was present in relation to the bolt and nail socket. It may be 
postulated that the slight film of tissue fluid in contact with the bolt at its tip 
Was not circulating or exchanging at any great rate with the tissue fluids in con- 
tact with the remainder of the metallic device. Since tissue fluids can be shown to 
contain dissolved oxygen at a tension only slightly lower than atmospheric, the 
stasis and re sulting consumption of the small amount of oxygen in the tissue fluid 
at the bolt soeket could well have led to the formation of an oxygen cell. Once 
this had oeeurred, the process OL pitting would continue until the concentration of 
metal ions in that fluid was sufficiently high to reverse the polarity of the cell. 
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Intergranular corrosion, as exemplified in the broken screw, is the dissolution 
of metal which occurs selectively at the boundaries of grains in the metal. The 
theory has been that it occurs as a result of the formation of chromium carbides 
in those areas, with consequent impoverishment of adjacent metal with regard to 
chromium. Maintenance of corrosion resistance depends inter alia on an adequate 
chromium concentration in all areas. An average concentration for a large sam- 
ple which is not sufficiently above that level may not protect against critical im- 
poverishment at the grain boundaries. The resulting dissolution of metal at grain 
boundaries separates granules of unrusted metal. In this case, the granules found 
within the extensive pits demonstrate this phenomenon. The chromium content of 
the screw, while within specifications for 303 steel, undoubtedly was too low for 
adequate corrosion resistance. 

The magnetic properties of the screws and the plate are evidence of the pres- 
ence of non-austenitic phases in the metals composing them. The formation of 
martensitic or ferritic components in stainless steel indicated a composition of the 
screw with regard to carbon, chromium, and nickel which prejudices it against 
maintaining the austenitic state throughout. Those stainless steels that are most 
resistant to corrosion in media most resembling tissue fluids are austenitic. 
Since ferritie and martensitic stainless steels are more prone to pitting and inter- 
granular corrosion, the finding of magnetic properties confirms the chemical analy- 
sis in indicating decreased corrosion resistance. 

While an explanation of the structure of the phases present in stainless steel 
would take this discussion too far afield, some indications of the significance of 
the crude test of magnetic permeability may be permitted because of its obvious 
utility and appeal as a simple and non-destructive test. Steels attract a magnet 
(that is, have increased magnetic permeability ) when some portion of the steel is 
in the ferritie state. The 18-8 steels (a term usually designating types 302, 303, 
304, and 308 and others which contain chromium and nickel in the approximate 
ratio of 18 to 8 per cent) and the 18-8 Mo (including types 316 and 317) were de- 
signed primarily to remain completely austenitic, that is, without ferrite. When 
the composition is such that the elements predisposing to ferrite (principally 
carbon, chromium, and molybdenum) are not balanced by an adequate concen- 
tration of those predisposing to austenite, principally nickel, ferrite formation may 
occur. The more ferrite present, the more magnetie the steel. A precarious bal- 
ance of the concentrations of elements may be tipped toward production of fer- 
rite, especially by excessive cold working of the steel during fabrication, but also 
by improper heat treatments. An increased magnetic permeability of these spe- 
cial stainless steels, therefore, may indicate imbalance in original composition or 
excessive working of the metal, but in either case, decreased corrosion resistance 
It. is evident from the chromium and nickel content of the screws that this may 
have been the case. 

Thus three types of corrosion were present in this case, which we may cate- 
gorize as chemieal, pitting, and intergranular. Galvanic corrosion was not evi- 
dent nor was stress corrosion. The latter, which refers to accelerated dissolution 
of metal in areas of cyclical stress, cannot be eliminated as a possibility. For 
evidence that might implicate stress corrosion however, the areas of concentra- 
tion of stress and the intensity of the stress at each point in the various com- 
ponents of the fixation apparatus would have to be determined—a task not pos- 
sible at this time. 

The investigation of this ease from. the metallurgical point of view might 
have been extended to include other important determinations. Among those are 
the Brinell or other test of hardness, tensile or other tests of streneth, degree of 
erain, and chemical determinations of the concentrations of the other elements in 
the samples. Facilities for these determinations were not available. However, the 
types of corrosion seen in this case are adequately explained or indicated by the 
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data obtained. Other cases of breakage or corrosion of metallic implants may 
require some or all of the determinations mentioned and perhaps additional ones, 
before they can be explained reasonably. 

It may be asked what measures could have been taken to avoid this failure. 
From the point of view of the operating room supervisor or surgeon, close super- 


vision of materials must obviously be considered, in procurement, proper identi- 
fication, and proper storage of metallic implants. The criteria to be followed for 
the establishment of specifications are not clearly indicated as yet, and much ex- 
perimental work must be done before specifie principles can be laid down to sup- 
plement the surgeon’s judgement. From the point of view of the fabricator of 
surgical materials, certainly conformity to the specifications established for the 
items in question should be stringently regulated. What those specifications should 
be also depends to a large degree on judgment, and much more experimental work 
is needed to delineate the principles regulating specifications. 

Finally, the role of testing should be emphasized. LaQue has pointed out that 
metallurgical tests for corrosion are valuable, but no test or group of tests gives 
results which correspond exactly to the performance of materials in service. No 
set of test conditions can duplicate exactly the condition of service. In the surgical 
experiment, to borrow the phrase of Barr, a large number of factors affecting cor- 
rosion resistance are present in unknown degree. The composition of tissue fluid 
with respect to dissolved oxygen, electrolytes, and corrosion inhibitors, the local- 
ized and generalized variation in this composition, the amounts and locations of 
stress, are examples of such factors. Modern knowledge of corrosion extends far 
heyond the simple theories elaborated by Venable and Stuck, and beyond the 
experimental data of Fink and Smatko, in which weight loss was the sole criterion 
of corrosion. Many of the present-day specifications and practices in fabrication 
of metallic apphanees for internal applieation are based on the now outmoded 
work of these investigators 

It is apparent that corrosion testing conditions appropriate to the surgical 
implant are difficult to devise. All such tests are of limited value in predicting the 
performances of speeifie materials. What the in-service test is to industry, the 
clinical ease is to surgery—the final criterion of the adequacy of a material. When 
materials have failed in elinieal use, they provide invaluable opportunities fo 
investigation and prevention of future failures. Only by such investigation, corre- 
lated with experimentation, can the reasons for failures be understood and 


avoid d 
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A Radioisotopic Investigation of the Contami- 


nation of Screws and Tissues by Screwdrivers 


* 


A Stupy iN APPLIED METALLURGY 


BY P. G. LAING, M.B., F.R.C.S., LAVERNE R. MADANCY, B.S., 
AND MARY A. GREBNER, B.A., PITTSBURGH, PENNSYLVANIA 


From the Orthopaedic Department and Addison Gibson Laboratory, University of 
Pittsburgh, Pittsburgh 


It has been shown previously that screwdrivers used in orthopaedic surgery 
contaminate inserted screws by a process of metal transfer 2445-610 Opposing 
metal surfaces do not come into contact over their entire areas. Even highly pol- 
ished metal surfaces have projections of metal crystals which may be quite high, 
metallurgically speaking. When two such surfaces are brought into contact it has 
been described as similar to inverting one range of mountains on another, having 
only the peaks touching. In metal-to-metal contact, the entire pressure is borne 
at these small points of contact which may be less than 1/10,000 part of the ap- 
parent surface area. Thus, the great pressure at these points unites the metal 
peaks by the process of cold welding. When the two pieces of metal are separated, 
the welded joints remain firm, the metal projections fracture beyond the area of 
work hardening, and pieces of each remain welded to the other. 

This ean be demonstrated by radioactivating the screwdriver and then, after 
handling the screw, taking counts and making autoradiographs of the screw 
heads ®. The seeding of the surface of an implant with many small pieces of metal 
of a different alloy or one in a different metallurgical condition is tantamount to 
the insertion of mixed metals. This may be a potent source of corrosion and may 
lead to failure of the operation ®*” because of electrolytic inflammation, loosen- 
ing of the implant, or failure of the bone graft. Previous work ' has shown that 
the tissue reaction around buried screws varies with the type of serewdriver used 
The weight changes of such handled screws buried in the back muscles of rabbits 
have been studied. A screwdriver made of AISI 420 stainless steel appeared suit- 
able for both AISI 316 and cobalt-chromium-molybdenum screws. It was spec- 
ulated that a serewdriver made of cobalt-chromium-molybdenum alloy might be 
more satisfactory for screws made of this alloy. 

This experiment was designed to investigate the amount of metal transfer 
between simple screwdrivers made of several alloys and orthopaedic screws of 
four alloys or clements. Radioisotopiec techniques similar to those previously de- 
scribed by Bowden, Williamson, and Laing ® were planned. The fundamental idea 
was to test each screwdriver with screws made of the commonly used inert met- 
als. Much time and energy has been devoted to the development of inert metals 
used to make implants. Obviously, it is essential to preserve this inertness, by 
any means, during implantation. 


METHOD 


Five small, simple, serewdriver bits, each one-inch long and one-quarter of 
an inch in diameter, were manufactured of the following metals: (1) tool steel 
(low chrome); (2) AISI 410 stainless steel; (3) AISI 420 stainless steel; (4) 
AISI 316 stainless steel; and (5) cobalt-chromium-molybdenum alloy (Vital- 
lium). 


* This project was supported by United States Public Health Service Grant A 1625 
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TABLE I 


SPECIFICATIONS OF MATERIALS Usep ror THE MANUFACTURE OF SCREWS AND SCREWDRIVERS 


Cr Ni Mo ; r 3 S s Fe Mn 

AIST 316 17-20 10-14 4 
AISL 410 5 11.5-13.5 
AISI 420 12-14 31 
Carpenter Solar 5 l ‘ 

Tool Steel 
Co-Cr-Mo 

Vitallium) 
Havnes 25 5 16-53 14-16 

Neutrilium) 


Pitanium 


The bases of these small bits were marked so they could be distinguished 
ifter irradiation. The samples were then irradiated in the neutron flux at Oak 
Ridge National Laboratory until each had aequired an activity of about 1.5 
nulheuries 

Coarsely threaded self-tapping orthopaedic screws were obtained made of 
the following metals: (1) ATSI 316 stainless steel, eleetropolished and passivated ; 
(2) cobalt-chromium-molybdenum alloy (Vitallium); (3) commercially pure 
titanium (Rem-Cru A70); and (4) Haynes stellite alloy 25 (Neutrilium). The 
specifications of all metals used in this work are given in Table I. 

Blocks of white pine were then pre pared for the insertion of these screws by 
having holes, seven sixty-fourths of an inch in diameter, drilled through them 


Three serews from each of the above groups were then driven into separate 


wooden blocks by each of the five serewdrivers In each group of three screws 
he first was handled lightly, the second heavily, and the third more heavily 
Che amount of Siippage ol the driver in the serew slot was also deliberately in- 
reased each time. The small driver bits were held in a universal handle so de- 
signed that the radioactivated driver bits did not have to be touched by hand 
during insertion or removal. Since the wood used for the blocks was considerably 
softer than bone, the foree needed to drive in each serew was considerably less 
than that usually needed when dealing with hard cortical bone. It approximated 
that needed for cancellous bone. Partieles emitted from each serew head, now 
flush with wood, were then counted from a fixed distance by a shielded seintilla- 
tion counter. The y-radiation only was counted with the wooden block placed on 
its side in front of the tube center. This point is important in considering the 
results 

\utoradiographs were then prepared by placing the wooden blocks on Ko- 
dak no-sereen x-ray film with the serew heads in contact with the paper covering 
the film. Exposure time was two weeks, then the films were developed in the usual 
Manne! 

A decay curve was plotted for each driver bit by counting the radiation 
forty-eight inches away through a two-inch aluminum screen. This was done sev- 
eral times from the time of the handling of the serews during a six-week period 

At this stage the driver bits were dissolved in concentrated hydrochloric 
acid and nitrie acid by a member of the staff of Crucible Steel Research Labora- 
tories. The resultant solutions were then diluted to a suitable degree calculated 
to give 200 micrograms of metal per milliliter of solution. One milliliter of each 
solution Was dried on a metal planchet and counted under the same conditions 
is had been the serew heads Knowing the welght of metal per milliliter of solu- 
tion, we caleulated the activ ItV per mlerogram Ol the driver metals at the time of 
their going into solution and then corrected for decay. This gave the activity per 


] 


microgram of each serewdriver bit at the time of the handling of the serew. 
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! ids showing metallic transfer from 
screwdrivel Fable IL). Cobalt-chromium- 
row; t cond row, AIST 316; the 
mn yvnes 5. The imount ol 


toradiographs ol 
radioactive tool-steel 
ddenum screws are on the to} 
I ind on the ott 

ises from left to mght 
rAL CONTAMINATION OTHER THAN TRANSFER 


became ey ident 


During counting the radiation from the serew heads, it 
that radionetive material was falling onto the bench area in front of the count- 
ing tube. Inspection and monitoring of the bench revealed that large flakes of 
intensely radioactive metal which had obviously fallen off the serew heads and 
had originally come from the radioactive drivers were lying there. The handling 
of the screws had been performed in another room so that the contamination ot 
the bench could only have come from the 


bloeks when they were turned on their sides 
\ second series consisting of eleven of each of two types of screw, AISI 316 


and cobalt-chromium-molybdenum alloy (Vitallium), was then heavily handled 


with all five drivers. Two screws were handled by each driver except for thre 
handled with the AISI 420 driver. This time great care was taken to seal the top 
of the serew and the adjacent wooden block with plastie paint immediately alt 
handling in order to trap all metal flakes from the drivers and to prevent their 
dropping off when the blocks were placed on their sides for counting 


the minute fragments which fell off 


lor counting purposes 


y 
1 


Counts were made in the manner previously deseribed. Autoradiographs were 
weight of both transferred and 


made from this second series of screws and the 


flaked metal caleulated as described. 


RESULTS 
The outstanding result was, of course, the discovery that there are two ways 
in which contaminated by the 
screwdriver used to insert it. 


an inherently inert orthopaedic screw may be 
First, there is the metallic transfer previously de- 
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\utoradiographs of the screw heads showing metallic transfer 
rom radioactive AISI 316 screwdrivers (Table IIL). Cobalt- 
chromium-molybdenum screws are on the top row; the second 


row. AISI 316; the third row, titanium; and on the bottom, Havnes 


25. The amount of pressure used increases from left to mght 


scribed, whereby Hany ultramicroseopie particles of the screwdriver are left 
welded onto the screw head Second, there are large particles cut off the driver 
near the hard, screw slot edge and then left lving in the wound on or around the 
plate and serews. Since the drivers are of a different composition and in a dif- 
ferent metallurgical eondition trom the implants, corrosion may be started by 
the well known battery effect with the passage of an electric current between 
the two dissimilar metals and the production of electrolytic osteitis 1°71), 

The details of the amounts ol metal transterred from the five screwdrivers 
to the four types of screw under slight, medium, and heavy pressure and slippage 
are given in Tables Il through VI (Figs. 1 through 5). The amounts of metal 
transferred to the second series of screw heads, over which we spread a sealing 
laver ol plastic after handling, are given in Tables VII and VIII (Figs. 6 and 


7). The results show a wide variation in the amounts of metal transferred in the 


different groups This 1s probably accounted for by the Varying amounts of slip 


in, « 


In the contact ol each driver with the screw, The results must be considered a 
demonstration of what may happen when a screw is placed in bone. Deductions 
made from the results are merely indicative; they are not statistically proved. 


DISCUSSION 


The caleulations arrived at of the amounts in micrograms of transferred 
metal are subject to a considerable experimental error, probably near +10 to 
15 per cent ®. For example, a value of 100 micrograms could be ninety or 110; one 
of one microgram, 1.1 or .9 per cent. It has previously been shown by Bowden, 
Williamson, and Laing ® that an increase in transfer occurs with an increase of 
slipping of the driver in the screw slot. At first sight the present results some- 
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TABLE II 
METALLIC TRANSFER FROM 


Slight Slipping 
( Vu rograms) 


Co-Cr-Mo 
(Vitallium) 
AISI 316 
Titanium 
Haynes 25 


(Neutrilium) 


22 


19 
2 


6 


TABLE 


AN 


Il] 


MetTALLic TRANSFER FROM 
Slight Slipping 


(Mic 


Screws og ams) 


Co-Cr-Mo 
Vitallium) 
AISI 316 
Titanium 
His 25 


nes £0 


Neutrilium 


24 


15 


TABLE IV 


rALLic TRANSFER FROM 


Slight 
( Vu 


Slipping 


sere ograms) 


ws ( Vu 


rogram 


Co-Cr-Mo 
Vitallium) 

AISI 316 

Titanium 

H ivnes 25 


Neutrilium) 


91 28 


TABLE V 


Mertatitic TRANSFER FROM AN AISI 


Slight Slipping 


Screws (Mu ograms) (Mu 


rogram 

Co-Cr-Mo 
Vitallium) 

AISI 316 


9 1 


76 


Titanium 13 


0 
Haynes 25 
Neutrilium) 


TABLE VI 


Merattic TRANSFER FROM A CoBALT-CHROMIUM-MOLYBDENUM 
Slight Shipping 


(Micrograms) 


screws 


Co-Cr-Mo 
Vitallium) 
AISI 316 
Titanium 
Haynes 25 
Neutrilium) 


12 
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Medium Slipping 
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SCREWDRIVERS 


Heavy Slipping 
(Micrograms) 


SCREWDRIVER 


Heavy Slipping 


(Mu 


ograms) 
96 
91 
99 


SCREWDRIVER 


Medium Slipping 
s) 


Medium Slipping 


) 


VITALLIUM) 


Medium Slipping 


) 


Heavy Shipping 


(Mu 


ograms) 


30 


SCREWDRIVER 
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Vu 


ograms) 
140 
151 

11 


IL 
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Heavy Slipping 


(Mu 


ograms) 
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TABLE VII 
TRANSFER FROM TooL-Stree., AISI 316, anp AISI 420 Screwoprivers to AISI 


316 AND CopaLt-CHROMIUM-MOLYBDENUM (VITALLIUM) ScREWS 


Screwdrivers 
AISI 
316 
Vicrogr 
173 
51 


92 
v0 


The serew hea ind wooden blocks had been covered with plastic immediately 
indling u in attempt to trap some of the larger flakes of metal. 


times seem to contradict this. Otten more mie tal was found adherent to the serew 
slot with medium or slight slippage than with heavy. Even with a torque screw- 
driver, the foree used and the amount of slipping in the slot are difficult to con- 
trol 

However, during the course of the experiment a second variable factor, the 
flaking ol visible plreces OL the screwdriver against the serew slot, was noted. It 
iust be remembered that the torec required to drive the screws into soft wood 
ix less than that used when dealing with hard cortical bone. This factor might 


Fic. 3 


\utoradiographs of the screw heads showing metallic transfer from 
radioactive AISI 420 serewdriver (Table IV). Cobalt-chromium-molyb- 
denum screws are on the top row; the second row, AISI 316; the third 
row, titanium; and on the bottom, Haynes 25. The amount of pressure 
used increases from left to right. 
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TABLE VIII 
Metattic Transrer From AISI 420, AISI 410, ann Copatt-CHuroM1uM-MOoLYBDEN UM 


(ViraALLIUM) Screwoprivers To AISI 316 ANp CopaLt-CHROMIUM-MOLYBDENUM Screws* 


Screwdrivers 
AISI AISI Co-Cr-Mo 
420 410 (Vitallium ) 
Screws (Micrograms) (Micrograms) (Mvcrograms) 
AISI 316 330 27 
AISE 316 26 96 13 
Co-Cr-Mo 7 29 6 
(Vitallium) 
Co-Cr-Mo 61 
(Vitallium) 


* The screw heads and wooden blocks had been covered with plastic immediately 
handling in an attempt to trap some of the larger flakes of metal. 


even be increased during surgery. When no attempt was made to seal these large 


fragments and the screw in its block was turned sideways for counting, a variable 
amount of debris dropped off and was found contaminating the work bench. Ob- 
viously, sometimes all the larger fragments, and sometimes only some, dropped 
off. Reference to the autoradiographs reveals hot spots both on the screw head 
and on the wood surface where these larger fragments adhered. 

Correlation between the autoradiographs and the calculated amount of trans- 
ferred metal was sometimes poor. The loss of metal particles from the screw 
slot and surrounding areas occurring when the blocks were transferred from the 











Autoradiographs of the screw heads showing metallic transfer 
from the radioactive AISI 410 screwdriver (Table V). Cobalt- 
chromium-molybdenum screws are on the top row; the second row, 
AISI 316; the third row, titanium; and on the bottom, Haynes 25. 
The amount of pressure used increases from left to right. 
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Fic. 5 
\utoradiogt iphs ol the serew heads showing metallic transfer 
from the radioactive cobalt-chromium-molybdenum screwdrivers 
Table VI). Cobalt-chromium-molybdenum screws are on the top 
row; the second row, AISI 316; the third row, titanium; and on the 
bottom, Haynes 25. The amount of pressure used increases from 


left to right 


counting position to standing upright on the x-ray film may be an explanation. 
Arranging the wooden blocks on the film inevitably involved some manipula- 


tion. The calculation of the actual transferred radiation should thus be cviven 


greater credit than the autoradiographs. When comparing different groups, it 
must be remembered that it 1s extremely difficult to reproduce the amount of 
torque and slippage from group to group. However, the important point is whether 
serious metallic transfer or flaking occurs on contact between a particular screw- 
driver and a particular screw very attempt was made to standardize the pro- 
cedure. It will be noticed in comparing Tables VII and VIII with Tables II 
through VI that the amount of transfer detected is often less when plastic paint 
is used to trap flakes than when it was not used. The fact that flaking did not 
nece ssarily occur with each contact of the driver with the serew presumably eXx- 
plains this. However, transfer of metal always occurred. The difficulty in this 
experiment lies in distinguishing between flaking and metallic transfer. From the 
surgeon’s point ol view, however, both are best reduced to a minimum. 

Thus, it has been shown that screwdrivers of five types all contaminate or- 
thopaedie screws during their insertions. This contamination is due to both metal- 
lic transfer and metal flaking of the screwdriver. The amount of metallic transfe1 
from the drivers showed no decrease with repeated use. 

Although the quantitative nature of the results is difficult to assess accu- 
rately, the facet that serious metallic transfer and metal flaking occurs is impor- 
tant. By calculating amounts of metal transfer by the radiation counting tech- 
nique we can draw certain tentative conclusions. The AISI 410 and 316 drivers 


THE JOURNAL OF BONE AND JOINT SURGERY 





CONTAMINATION OF SCREWS AND TISSUES BY SCREWDRIVERS 


* 


AIST 420 
\ISI] 
M 


screws. This did not always 
letected. Transfer from an AISI 
AIST 316 screw with slight slip 


mieadun iil recoraeced mM Pa 


AIST 420 d ( ‘| \ y ‘ SCTCW EXCE 


Con ( rom Mh) ere! | I Wi ‘| il le} \\ 


His ones § h} (y as 
serous transter does not al- 
occur, although it is ] \ f the drivers tested, the one made 


(ISI 1) <eCemed rs ! \ I'l Wit ‘ 3 tool-steel a vel 


1 
With the heaviest pres- 

It-chromium-molybdenum 

d and thus tends to cut 

id. When tl \ niie les corrosion of the screw due 


] ] ry 
itereqd nie i Ween Phe 


cobalt chromium-molybdenum 
Vv to one or more screws of each group 

dness 1s similar to the I the cobalt-chromium-molybdenum serews; it is 
known that transfer is great \ like metals. It seems reasonable 


sug- 


VOL. 41-A, NO. 3, APRIL 1959 





L. R. MADANCY, AND M. A. GREBNER 





* 


wv 








Fia. 7 
\utoradiographs of the screw heads showing metallic transfer of 
radioactive driver metals (Table VIII). Note the heavy con- 
tamination of the wooden blocks adjacent to the screw heads due 
to the flaked pieces of the driver. The top two rows are AISI 316 
screws; the bottom two rows are cobalt-chromium-molybdenum 
SCTCWS 
Note that the AISI 420 driver gave transfers of twenty-six 
micrograms a AISI 316 screw and seven micrograms to a Co-Cr- 
Mo screw. These figures mav be comy ired with the results from 
the same driver and screws in Table VI 


gest that a driver made of cobalt-chromium-nickel-tungsten alloy (wrought 
Vitallium) might be used with cobalt-chromium-molybdenum screws; however, 
such a driver was not available when this work was done. 

The actual weight of metal contamination varied from one microgram to 330 
micrograms. Some transfer always occurs although it may not always be large. 
Reducing this contamination, which is probably inherent in any unlubricated 
metal-to-metal contact, naturally suggests lubricating the screw slot. This is be- 
Ing investigated 

In the meantime it seems possible to make a tentative choice of a suitable 
metal for surgical screwdrivers. The results of animal experiments’ and these 
current experiments allow us to make the tentative conclusion that an AISI 420 
screwdriver would be suitable for AISI 316, titanium, and cobalt-chromium- 
nickel-tungsten screws. As far as cobalt-chromium-molybdenum serews are con- 
cerned, the decision is a little more difficult. Certainly, the cobalt-chromium- 
molybdenum driver contaminated, to a moderate extent, all screws of the same 
alloy. Perhaps a driver made of a similar but not identical alloy, for instance, 
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cobalt-chromium-nickel-tungsten, would be advisable. This metal should not 
prove so hard that excessive slot damage would be a factor in corrosion. 


The importance of protecting implants from metal contact in storage and 
during sterilization and insertion is obvious. The eareful use of screw-holding, 
non-slip screwdrivers must be re-emphasized, for then there will probably be less 
slippage and thus less foreign metal contamination. 


SUMMARY 


1. Radioisotopic techniques were used to assess the amount of contamination 
of orthopaedic screws by screwdrivers. Drivers made of five alloys were tested 
on screws made of four metals. 

2. Two factors were found to be involved in this contamination: metallic 
transfer, and flaking of large pieces of the tip of the screwdriver by the cutting 
action of the screw slot against the driver. 

3. Quantitative results show much variation and do not allow definite con- 
clusions. However, we tentatively suggest that, of the serewdrivers tested, an 
AISI 420 stainless-steel screwdriver seems slightly preferable to others in han- 
dling AISI 316 and titanium screws; cobalt-chromium-nickel-tungsten drivers 
might prove useful in handling cobalt-chromium-molybdenum screws. Further re- 
search, especially with the goal of decreasing metallic transfer by lubrication, is 
needed. 

Note: We are indebted to Dr. Albert. B. Ferguson, Jr., in whose unit the work was done, 
for financial aid and encouragement, to Dr. Campbell Moses, Jr., who arranged for the irradia- 
tion of the screwdrivers, and to the following firms for gifts of materials and technical 


cooperation: Zimmer, DePuy, Richards, Medical Research Specialties, Austenal Laboratories, 
Crucible Steel, Universal Cyclops Steel, and Haynes Stellite 
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second day following registration, the freshman class met with the Dean of the 
school, as was the custom in those days. The Dean delivered the usual word of 
welcome but proceeded rapidly to warn that at the end of the first year 25 per 
cent of this class would be dropped and at the end of the second year one-third 
would no longer be among those present. This seared country boy, hoping to dis- 
cover some reason for optimism, reviewed the class roster and the background of 
each individual member but this served only to intensify his growing apprehen- 
sion. In this group were students with bachelor’s and master’s degrees from most 
of the leading universities of this country. The school from which he came (Oua- 
chita College) was entirely unknown. If the name of the school appeared in print, 
no one could pronounce it and if it was pronounced no one could spell it. Realiz- 
ing the competition and the fast company with which his lot had been cast, cot- 
ton picking, with each passing day, began to loom as a profession with ever in- 
creasing importance. On the following Sunday, when class assignments had not 
vet been made and study had not begun, this lad wandered to a corner church 
in the rooming house district in which he lived. The minister on that morning, 
Dr. John Porter, must have known that his audience would be dotted with coun- 
try boys and girls who had arrived in the city for the first time to embark on an 
educational venture. He chose to speak that morning from the passage under con- 
sideration and proceeded to relate how many of the great men of this world and of 
our country had come from insignificant and unknown backgrounds and _ yet, 
through hard work and perseverence, had been able to carve a name for them- 
selves. Encouraged by the only kind remarks which he had heard in a week and 
influenced partly by the facet that his tuition had been paid and was non-refund- 
able, this same country boy decided to “stick around” for a while and find out 
for himself how the higher echelons of this world live and progress. It will not be 
necessary to bore you with the details of the struggle which followed, but it can be 
stated that at the end of four vears, graduation day arrived and, thanks to the 
grace of God and the oversight of the faculty, this same little boy was permitted 
to creep to the podium of success and receive his M.D 

The road to greatness may arise in an unmarked trail. Few people would have 
dared hope when the Pilgrims landed at Plymouth Rock or when the Declaration 
of Independence was signed in Independence Hall that, in a short span of two or 
three centuries, this country would rise to its present position of world leadership. 
In the growth and development of this country, there are many examples of in- 
dividual achievements by men who started, literally, with nothing. In the year 
1763 a young man was born in the village of Walldorf near Heidelberg, Ger- 
many, and in his late adolescent years was employed in the piano and flute fac- 
tory of his uncle. At the age of twenty he emigrated to America and it is stated 
that he had only twenty-five dollars with which he hoped to open a music store 
in New York. On voyage to America he became acquainted with a fur trader 
who advised him that a great future awaited some energetic young man in this 
field. Following this advice, the young man devoted many years to developing 
and organizing the fur trade in America and later by way of the Hawaiian Is- 
lands in China and India. The trials and ineidents of this young man’s under- 
taking were the theme of the great novel Astoria by Washington Irving. He died 
in New York City in 1848 leaving a fortune estimated at approximately thirty 
million dollars, at that time the greatest fortune amassed by any American. That 
man was John Jacob Astor 

The suecess story of Walter P Chrysler is one of the greatest in modern busi- 
ness annals. Born in Kansas in the year 1875 of parents of meager circumstances, 
he first worked as a sweeper in the shops of the Union Pacifie Railroad, then as 
an apprentice, and later as a machinist. Having no money with which to buy 
tools, he made his own. Today these tools are kept on permanent display in a 
glass enclosed case in the Chrysler Building. Through his own mechanical ingen- 
uity and ability he advanced rapidly in his field and could undoubtedly have be- 
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come one of the leaders in the railroad industry. In 1908 he borrowed money to 
buy a $5,000.00 automobile (Locomobile) which he had seen at the Chicago auto- 
mobile show, then took it apart and reassembled it eight times in the next three 
months before it was driven. The knowledge thus acquired served as the stimulus 
for his entrance into the automobile industry in 1911. Still later he entered business 
for himself and developed one of the leading automobile dynasties of our day. 
The great Chrysler Building in the city of New York stands today as a tribute 
to the ability and ingenuity of one man who began his life with nothing. 

Perhaps the greatest success story in American history is that of the life of 
Abraham Lincoln. Born in 1809 in a log cabin on a farm in Hardin County, 
Kentucky, this young man was literally self-educated. It is estimated that his to- 
tal schooling would have amounted to less than twelve months. As a youngster he 
worked on his father’s farm and later worked as a grocery clerk in the little village 
of New Salem, Illinois, to which they had moved. He worked on a flatboat making 
two trips to New Orleans and this, as it turned out, had much to do with the pat- 
terning of his future life. He operated a store in partnership with a man named 
Berry but this failed, leaving debts which Lincoln assumed and paid off pain- 
fully during a period of fifteen years. Payment from the jobs which he held did 
not suffice for a livelihood SO in desperation he borrowed a book on surveying, and 
after this study supported himself by working as a surveyor for several years. 
Through the friendship of a man named Stewart he was able to borrow books to 
study law, obtained a license to practice, and moved to Springfield, Illinois, in 
April 1837. He entered polities but experienced suecess on only a few occasions 
until his election to the Presidency of the United States in 1860. Even then he 
received less than half of the total votes cast. Abraham Lincoln, a man for whom 
two cities and a great highway have been named, a man to whose memory more 
monuments have undoubtedly been erected than to any other American, carved 
a place for himself in Ameriean and world history which will live forever, yet he 
came from the most insignificant background it is possible to imagine. 

The moral implied in this story has been repeated many times over in every 
phase of human endeavor and many examples may also be found in the history of 
American medicine and orthopaedie surgery. The American Academy of Ortho- 
paedie Surgeons, now only twenty-eight years old, was formed almost a half cen- 
tury after The American Orthopaedic Association. The American Orthopaedic As- 
sociation at that time was already a great organization with a history of great 


accomplishments. There may have been some reasonable doubt in the minds of 
the founders of The Academy as to whether it could ever assume a position of 
importance equal to that of The American Orthopaedic Association. Yet in the 
short span of approximately one-quarter century, this Academy has grown into the 


world’s largest orthopaedic group, holds one of the largest annual meetings de- 
voted entirely to the orthopaedic field, and, in accordance with its name, has 
taken the leadership in the training and teaching of young men. Harold Boyd 
tells of standing with Willis Campbell at the rear of the auditorium of the Hotel 
Peabody during the 1939 meeting of The Academy, when Dr. Campbell remarked, 
‘Harold, you will live to see the day when 500 doctors will attend the meetings 
of this Academy.” It would be interesting to know his reaction today if he could 
attend one of our present meetings with a total registration of over 4,000. With 
a membership of over 2,500, The Academy has reached the position of co-owner 
and joint publisher of The Journal of Bone and Joint Surgery and its various com- 
mittees are actively engaged in the study and advancement of all ramifications 
ol orthopaedics 

The lives of many orthopaedic surgeons also serve as a positive answer to 
the question, “Can any good thing come out of Nazareth?” Many young men 
today, still in training in orthopaedic surgery and struggling for their start, un- 
doubtedly find it easy to conclude that the great men of our specialty in years 
gone by must have had it much easier when they began. Such, however, is not the 
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case. Most of the greatest contributors to our specialty were faced with adversi- 
ties and lack of financial help during the early portions of their careers. It has 
always been true and is still true today that young orthopaedic surgeons often 
begin in an unpretentious way, with little or no financial help, but still develop 
in the specialty of Orthopaedics to a position of world renown. For example, a 
young man was born in Boston, Massachusetts, in 1868; his father left shortly 
afterward to serve with the Union Army and remained in the Army for many 
years. This young man, lacking financial assistance, arranged for his own medical 
education at Harvard University and took his internship in the McLean Hospi- 
tal. In spite of this financial difficulty and lack of help and encouragement, he 
continued to work diligently and endured many hardships in the devotion of his 
life to orthopaedic surgery. Even the family of the girl he married felt she was 
throwing herself away on a penniless young doctor. Few men, however, have 
made greater contributions to our specialty than this man, Royal Whitman, who 
played such an important role in the development of the Hospital for the Rup- 
tured and Crippled. 

Another great orthopaedic surgeon was born in Jackson, Mississippi, in the 
year 1890, and was graduated from Johns Hopkins Medical School in 1918. He 
was a member of the famous class which spent their senior year in France as 
members of the Armed Forces Medical Corps and actually received his M.D. 
while on duty in Europe. It had been necessary for him to drop out of medical 
school for one year because of lack of finances and during this year he served 
as an Instructor of Anatomy at Creighton University. After his army service, 
he obtained his training in orthopaedic surgery in Boston. During one of these 
years he served as an Instructor in Applied Physiology at Harvard Medical 
School. During the next two years he lived in Baltimore and then moved to St. 
Louis as head of the new research unit of the Shriners’ Hospitals for Crippled 
Children. In 1931 the research unit of the Shriners’ Hospital closed and this 
young orthopaedist suddenly found himself without income. He entered practice 
and succeeded Leroy Abbott as Professor of Orthopaedic Surgery at Washing- 
ton University, serving in this capacity until his death in 1956. This man, J. Al- 
bert Key, one of the greatest contributors of all time in the field of orthopaedic 
surgery, had no financial help during his training period and for many years 
after entering practice had a very limited income. 

The father of an infant boy, one year old, died in Grimstad, Norway, in 
1887. The young mother, a talented musician and violinist, had three other sons, 
all under eight years of age. There was little money for the support of her boys 
so she moved to Oslo where the opportunities for her teaching and for the educa- 
tion of her boys seemed more promising. It took much self-sacrifice and frugal 
living to keep her family together. As the boys grew, the youngest became a close 
friend and almost constant companion of the son of Dr. Jon Hald. Out of this 
friendship and inspiration there grew a determination in the mind of the young 
boy to study medicine, although his family background was filled with musi- 
cians, shippers, bishops, lawyers, and business men. Two of the older sons emi- 
grated to America, so this young boy and his mother followed in 1903 and 
moved to Milwaukee where the oldest son lived. They were penniless when they 
reached Milwaukee, but the boy, now sixteen years old, was thrilled to find a 
medical school right there where he could be “taken in” despite his inadequate 
preparation. It took only a few days for him to realize this was a racket which 
issued medical degrees for a price. He then completed high school and attended 
Rush Medical College for one year in the days before college training was re- 
quired Realizing he was not prepared for medicine, he returned to the University 
of Wisconsin where he graduated, a member of Phi Beta Kappa, at the end of 


three years. During this time he paid his own way by doing small jobs and by 


working every summer as paymaster for a railroad. He then completed the two- 
year medical course which was offered in Wisconsin at the time. Following the 
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advice of Dr. John Yates of Milwaukee for whom he had worked during vaca- 
tion periods, he then transferred to Harvard University where he received his 
M.D. This was made possible by a loan of $5,000 from a friend of Dr. Yates 
This seemed a fortune to the young man and it took careful spending and plan- 
ning to complete his training. It is stated that on one occasion his food for a week 
consisted of milk and a box of shredded wheat eaten in his small attie room. 
This same boy, Marius N. Smith-Petersen, became Professor of Orthopaedic 
Surgery at Harvard University, made many outstanding contributions to our 
specialty which have stood the test of time, and served as the Twelfth President 
of The Academy. 

One of the greatest success stories involving two orthopaedists had its begin- 
ning with the birth of a boy in Vienna, Austria, in 1878. This young man received 
his M.D. from the University of Vienna in 1902 and came to the United States in 
1907. The intervening five years he spent in hospital training and service. After 
reaching the United States, he elected to come to the ‘Western Frontier of Ortho- 
paedie Surgery” and spent the next three years in Chicago as an assistant to 
Dr. John Ridlon. In 1910 he became Professor of Orthopaedic Surgery at Drake 
University Medical School in Des Moines. Much of his work was done at the 
Methodist Hospital where a new x-ray machine had been obtained but where 
no facilities existed for its use. No dark room was available and the only facili- 
ties in the city of Des Moines for developing the glass plates existed in a corner 
drug store, some seven or eight blocks away. This young orthopaedist took his 
own x-rays, walked down the hill to the drug store to have them developed, then 
returned to the hospital to institute the treatment indicated. How many of us 


would be willing to work under such adverse conditions today? A young lad, 
the nephew of the owner of the drug store, worked in this drug store during the 
summer months. He was greatly impressed with the thoroughness and the ability 
of the young orthopaedic surgeon, became interested in his x-ray plates, and 
learned to develop them for him while he waited. The surgeon soon began to ex- 
plain the shadows on the plates to the young man and he in turn began to under- 
stand how this new doctor seemed to obtain better results. The Medical College 
of Drake University closed in 1913 at which time the surgeon moved to Iowa 
City as an instructor at the University of lowa School of Medicine. In 1915 he 
was appointed full Professor of Orthopaedic Surgery, a position which he held 
for thirty-four years. This man, Arthur Steindler, also became one of the great- 
est contributors orthopaedic surgery has ever known. He carried on his teaching 
ind his research program without any outside grants. Dr. Steindler has stated: 
‘If you are determined enough, a great deal of research work can be done without 
outside grant or help provided you are willing to spend the time for it and again 
provided that the research does not require any expensive or elaborate equip- 
ment.” The young man working in his uncle’s drug store in the summer of 1913 
received an inspiration from Dr. Steindler which carved his life’s work. Because 
of the stimulus derived at that time, he studied medicine, entered the field of 
orthopaedic surgery, and became the Sixteenth President of The American Acad- 
emy of Orthopaedic Surgeons. That man was Myron Henry. 

Examples of this type in which many great men of our specialty have made 
their start without financial help and who have carried on their work against 
adverse circumstances should serve as an inspiration for any younger man enter- 
ing orthopaedics today. With the passing of each generation of great men, it is, in 
the same manner, only natural to feel that perhaps the greatest men of all time 
in this specialty have passed from the scene. We should always remember, how- 
ever, that Hippocrates never heard of Ambroise Paré; Paré never heard of Nich- 
Olas André; André never heard of Sir Robert Jones; and Robert Jones never 
knew of the full accomplishments of Marius Smith-Petersen or J. Albert Key. 
Unfortunately, Smith-Petersen and Key were not privileged to know of the con- 
tributions which the younger men of this generation will make. While a great 
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man is being honored in any field some younger individual, then obscure and 
unknown, may already have instituted work which will serve as a greater con- 
tribution. Let us not forget that there are always younger men coming up the 
ladder who will ably tuke thi places of the leaders of years past and whose 
contributions may stand as the greatest ol all time \lany young orthopaedic 
surgeons have survived their years of medieal education and graduate training 
with no financial assistance, and many more are enduring such hardships at this 
time. Unfortunate ly this is often a deciding factor when the young surgeon comes 
to select the type ol practice or the permanent location for his future career 
While it is essential that he have sufficient income to support his family and edu- 
cate his children, it should be remembered that happiness in secientifie work is 
not dependent upon financial gain. Immediate financial success is not essential and 
at times not even desirable. Early financial success may, in fact, be detrimental 
to stimulus for truly scientific achievement. Any young orthopaedic surgeon to- 
day should be encouraged by the fact that most of the great contributors and 
most beloved men in our specialty have endured the same hardships and adver- 
sities with which they are now confronted 

In today’s class of 150 entering the ranks of The American Academy of 
Orthopaedic Surgeons, there are many young men whose contributions to the 
field of orthopaedics will be outstanding. If we could look into the future some 
fifteen or twenty years and identify those whose contributions will be lasting 
and beneficial, vou today would receive a special welcome. Some of the members 
of this elass, within a period of fifteen or twe nty years, will serve as the leaders 
ot this Academy, and some of you will even find it necessary to Worry about a 
Presidential Address.” Again if we could look into the future and know those 
ol you Who will serve as the leaders in the vears to come, great honor would be 
bestowed upon you even at this carly stage of your career. Fortunately, how- 
ever, your future contributions and accomplishments are unknown and, theo- 
retically, at least, each of vou starts with equal opportunity. As one grows older 

| 


adder ot authority in this Acad- 


In orthopaedic surgery and advances up the 
emyv, it is not uncommon to have the question asked by a young orthopaedist, 
“What should I do and what course should I follow to some day have the privi- 


lege of being of service to The Academy and orthopaedic surgery?” While I 


make no attempt to pose as an authority in this fle ld, the answer to this question 
is really not a difficult one, and can be grouped under two Mayol headings: 
Norenti fie lecomplishment i ( niribul } 

It is essential that you make some scientific contributions to the medical 


literature and to the programs of oun national meetings. Those of you who live 
in smaller communities may tee | that no opportunities exist for such accor iplish- 
ments by you It should be remembered, however, that columns of brick and 
stone and the marble halls of great universities do not necessarily Insure origi- 
nality of thought. Any individual, regardless of the size of the community in 
which he lives, may conduct elinieal research which will afford adequate material 


for a scientific paper. With the completion of sueh work, its presentation before 


national medical meeting, and publication in The Journal of Bone and Joint 


Surgery. your name will be established as a contributor in the field 


As a bac keround lor screntine accol lishment and contributions, the follow- 


ing prerequisites Cannot be overeny ~ized 

| Adequate and acceptable training in o1 opacdic surgery (This is self- 
explanatory and serves us the kevstone on whi all progress is based Even though 
Abraham Lincoln rose to great heights It! ess than twelve months of formal 
education, we are not justified In abolishing our present educational system Ol 


altering our trailing programs In the hope that by so doing an entire nation ol 


Lincoln PLANS will bye created in thie ila of orthopaedics * 


2 Cleat thinking: cleat t! Inking Suh attribute with which many are born 
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but this may also be developed during the training period; 

3. Accurate knowledge of the works of other men in the field; knowledge of 
the works of others is derived from continuous study of past and current litera- 
ture. It is essential for proper evaluation of your own problems and _ findings; 

t. Hard work; assuming that each individual is endowed with or has ac- 
quired the previous qualities, the next step on the road to recognition results from 
infessant toil or hard work. Thomas A. Edison once stated, “Genius consists of 
10 per cent inspiration and 90 per cent perspiration.” This is as true in medicine 
as it is in any other field. It is essential that you literally love your work and de- 
vote your maximum time and ability to orthopaedics. You can hardly expect to 
great success if your primary interest in life is devoted to fishing or golf 


attam 
ind orthopaedics serves you only as a means for livelihood. 


Honesty and the Willinaness to Take Your Position on the Side of What You 
( onside r Right 


Honesty in your own scientific work, in the evaluation of results, and in the 
conclusions reached is essential if you expeet your contributions to stand the 
test of time. Your ideas in any given problem must be founded on sound basic 
principles of the pathology involved. When these requisites are fulfilled you 
should then be willing to take your position on the side that you consider right 
even though your findings, your results, and your opinions may be contrary to 
those commonly accepted at the time 

Once an individual has established himself in orthopaedics through scien- 
tifie achievement and contributions, he will soon be requested to serve in some 
\eademy position of importance. This, as a rule, is in the form of membership 
on one of the Academy Committees. When you have reached this stage in your 
career and are asked to serve in any capacity on a committee, you should do 
so to the best of your ability. Be original in your thoughts and your ideas, devote 
much time and effort to the work of the committee, and, in this way, help to 
advance the cause of orthopaedic surgery. Once this initial assignment has been 
completed with distinction, your future development represents a matter of ad- 
vancement with time, age, and maturity. You may be asked to serve as a junior 
member of the Executive Committee, as an examiner for the American Board of 
Orthopaedie Surgery, or as a member of the Board of Associate Editors of The 
Journal of Bone and Joint Surgery. The next step may be the Chairmanship of a 
Committee. Not every individual, of course, can rise to the status of officer in an 
organization comparable to The Academy and we must admit that luck plays an 
important role in this final achievement. Each man of this elass today, however, 
if the suggested plan is followed, will be privileged to serve orthopaedics in some 
capacity, either through this Academy or some other division of our specialty. 

“Can any good thing come out of Nazareth?” Yes, so long as young men and 
young women are willing to start at the bottom and work their ways to the top, 
so long as they are willing to endure the hardships which this necessitates, so 
long as they maintain an interest in the humanities and continue to enter the 
fields of music, art, religion, education, and science, and so long as they continue 
to devote their lives to the various fields of medicine and surgery, not the least of 
which is orthopaedics, this thought will continue to form the theme of a story 
which will never grow old 
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Proceedings 
WESTERN ORTHOPEDIC ASSOCIATION 


(As Preparep BY THE EprrorraLn Committee: Kirk J. ANperson, M.D., Chairman; Ivar 
J. Larsen, M.D., Ropert Mazer, Jr. M.D.. Jonn R. ScuwartzmMann, M.D., anv 
Howarp A. MENDELSOHN, M.D 


The Twenty-second Annual Meeting of the Western Orthopedic Association was held in 
Portland, Oregon, October 22 through 25, 1958. under the Presidency of Dr. Joe B. Davis 
The meeting was well attended with representation of members and guests from the. six- 
teen chapters of the Western Orthopedic Association. The program included papers of bot! 
clinical and research interest. In addition, an excellent panel discussion was provided ot 
the legal aspects of orthopaedic surgery. 

As in the past, emphasis was directed to the Resident-Training Program under the 
chairmanship of Dr. Howard A. Mendelsohn. The Resident-Training Program awards 
named in honor of the originator, Dr. Vernon P. Thompson, were given to the following 
essavists: First Prize (tied), $300.00: to L. C. Folkes, M.D., for “The Relative Importanes 
of Periosteum and Blood Supply in Fracture-Healing,” and an equal amount to Albert I 
Martin, M.D., for “The Pathomechanics of the Knee Joint.” Second Prize, $200.00: W. D 
Guyer, M.D., and C. A. Fagan, M.D., for “Cavus Deformity of the Foot.” Third Prize 
$100.00: William Burkhalter, M.D., “Prosthesis Arthroplasty of the Hi ind an equal 
umount to Howard R. Baker, M.D., for “Non-union of Fractures of the Trochanterie Area 
of the Femur.” 

\t the close of the session bronze medallions, depicting the first historically — re- 
corded orthopaedic procedure in the West, were presented to the Past Presidents. The 
medallions were presented by Dr. Harold Crowe who outlined the advancement made by 
each President of the Association, as well as points of interest. regarding each one of these 
men. A special tribute was paid to Dr. Charles L. Lowman who is now in his fiftv-second 
vear of the practice of medicine. Dr. Crowe remarked: “Dr. Lowman is still practicing 
it full capacity and not only talks posture with great enthusiasm but maintains posture 
himself without the usual stooped shoulders and paunch which ordinarily go with the pass- 
ing of the vears.” It was only fitting and proper that Dr. Crowe officiate in this capac 
inasmuch as his interest in the Association has been a constant stimulus to its member 

Dr. William F. Stanek of Denver, Colorado, was installed as President for the coming 
vear. The next Annual Meeting will be held in Denver, Colorado, October 18 through 22 
1959. Officers elected for 1959 were 

President-Elect: Fraser L. Macpherson, M.D., San Diego, California ; 

Vice President: J. Sims Norman, M.D., Pueblo, Colorado; 

Secretary: Alba R. Glassburn, Jr.. M.D., Denver, Colorado; 

Treasurer-Historian (for three years): Walter Scott, M.D., Los Angeles, California; 

Editorial Committee (new member): Donald E. Moore, M.D., Eugene, Oregon 

The 1960 meeting will be held in San Diego, California, under the Presidency of Dr 
Fraser Macpherson. 

Summaries of the papers presented follow 

The Effect of Antihistamine on Experimental Fat Embolism in Rabbits. Dr. R. C. Merri- 
FIELD’ reported a research project concerned with the premise that histamine liberation from 


tissue injury is a potent, harmful factor in fat embolism. The protective effect. of antihista- 


mine in experimental fat embolism in rabbits was investigated. The pathogenesis of fat em- 


bolism was described as a rupture of the fat cell by trauma or necrosis. The liberated fat is 
forced by pressure of a hematoma into the general circulation through torn veins to pro- 
duce embolic phenomenon or bronchoconstriction, capillary damage, and alveolar oedema in 
the lung. The fat then may find its way into other organs, particularly the brain. The cause 
of the fat-cell rupture may be secondary to fracture, soft-tissue trauma, enzyme action, as 
in pancreatitis, or external body-pressure changes as in diving or high-altitude flying 

Fiftv rabbits received intravenous injections of olive oil to produce fat embolism. It 
was noted that the olive oil, proportional to the weight of the rabbit, produced a wide varia- 
tion in mortality rate in different weight groups. The average mortality rate in this group 
of animals was 68 per cent. A second group of fifty rabbits received intramuscular injections 
of five milligrams per kilogram of body weight of antihistamine thirtv minutes before the 
ntravenous injection of oil. 


1. Veterans Administration Hospital, Department of Orthopaedic Surgery, Portland 7, Oregon 
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osteogenic sarcoma was produced in an inbred colony of beagles following a single imtra- 
venous injection of various bone-seeking isotopes; namely, plutonium-239, radium-226, meso- 
thorium (Ra), radiothorium (Th*), and strontium-90. All animals received injections 
it an age comparable with young adult humans. They felt that the comparison of the 


findings in this colony of beagles with patients with radium poisoning would enable one 


to establish a more accurate maximum permissable dosage of these various isotopes in hu- 
man beings. A study of the long-term effects of accurately determined dose levels of radia- 
ion on large mammals would also be possible 
The authors found that these isotopes, when in bone, showed a uniform distribution 
hat fell into two patterns. Radium and strontium were primarily deposited in areas of bone 
formation, with some diffuse distribution, at the time of the single injection; this was prob- 
iblv related to an jon exchange with ealeium The other isotopes, those of plutonium tho- 
um, and mesothorium, localize on endosteal-bone surfaces with subsequent concentration 
in osteoclasts and reticulo-endothelial cells 
: variety of histopathological changes in bone is seen with all the isotopes but the 
dose level of each isotope determines what pattern of changes will be noted. These 
changes ean be categorized as follows 1) response to alpha-emitters by endosteal and 
bone-marrow cells 2) disturbances in normal bone growth, and (3) disturbance in normal- 
bone renewal or reconstruction. Survev of at least one-half of the skeleton of each dog 
sacrificed revealed occult osteogenic sarcomata, frequently multiple and atypical cellular 
lesions. The authors found that osteogenic sarcoma occurred with the use of all the men- 
tioned isotopes: over 50 per cent of these were not demonstrated clinically but were found 


LUTOps\ 


Small Element Lesions of the Cervical Spine Due to Trauma. Dr. Ricnarp F. WaGNer 
Dr. Martin S. ABEr reported that the best visualization of the cervical 
obtained by making 30-degree caudad angbed and 15-degree cephalad angled ante- 


genograms, in addition to coned-down occipital submental views. These 
made in ste tl 3 millimeter tube and a short distance between tube and 
ntial magnifl 1. Standard views of the cervical spine ire ilso made 
e readily disclose fractun of the lower interarticular isthmus 

ind unilateral fractures of the first cervical vertebra, respectively 

these lesions were analyzed. It was noted that orbital svmp- 

lesions of the upper p he cervical spine and arm 

the lower part of the cervical spine; point tenderness 


sign fracture at the designated site. Twelve patients were followed 
ind all had residual symptoms localized at the site of injury. 

the treatment program for small lesions of the elements of the cervi- 

idvised early use of a cervical brace, followed by traction. They feel 

wtion is contra-indicated since it interferes with the healing of torn soft 

to earlv callus formation. Eight weeks was felt to be the minimum 

roentgenographically distinguish osseous union of a fracture of a small ele- 

resence of such an injurv the brace should not be discarded before this period 


wuthors’ experimental study included correlating the views of the lower part of the 


ne seen in 2,000 roentgenograr the chest. This study, of course, was incomplete 


ignored the lesions of the cervical spine at higher levels. Two findings were note- 
frequency of lateral-mass deformities was quite high; and this incidence increased 

‘he authors concluded that these deformities were acquired, not congenital. In 
rtv-one non- ed cadavern were dissected; fractures were evident in more than 
These ietures were diagnosed by the correlation of specimen roentgenograms 

itomy, and microradiography based on the differential radiodensity 

‘he findings indicated that lack of trauma and symptoms were not 

rmining whether the cervical spine was normal. A study of arthritic 

th 


inges in 


e cervical spines of these cadavera indicated that apophyseal changes were focused 
tround old fractures or malalignments, independent of spurring or hypertrophic change about 
he cervical vertebral bodies. There was evidence that fractures of the small elements could act 
s foci for the development of rather extensive arthritis which might be symptomatic and 
i response to alte red dynamic stress ind strain as we ll as alte red mechanics in 


vements of the neck 
The Cervical Instability Syndrome. Dr. Norman M. Harris * and Dr. ANTHONY SMITH 
luded in their report on cet instabilitv svndrome various svmptom complexes arising 
tbnormal motion of he r t 1 using the cervical discogt im and by noting 
change in the patient’s sym] - cervical interbody fusion, the authors placed in 
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this syndrome number of symptom complexes commonly considered to have separate 
origins. The pattern of pain produced by injecting an abnormal intervertebral dise at the 
time of the cervical discogram has also been utilized as the basis for categorizing various 
symptom patterns. The symptom patterns noted have been presented in the form of neck 
pain, headache, sclerotome type of pain in the interseapular area, chest, shoulders, and arms, 
vision changes, paraesthesia of the hands and arms, and specific symptoms of generalized 
weakness and asthenia. Although abnormal motions of the cervical spine are believed to be 
the common underlying cause, the authors feel that there are other mechanisms responsible 
for the symptoms: compression of the sensory roots accompanied by dermatome pain, 
hypaesthesia, and reflex change. Another cause might be motor involvement accompanied by 
sclerotome pain, muscle spasm, tenderness, weakness, and atrophy. Compression of the spinal 
cord or the anterior spinal artery, posterior sympathetic nervous-system involvement with 
production of the Barre-Lieou syndrome, or compression of the vertebral artery and anterior 
sympathetic svstem may also be related mechanisms. The authors believe that a better un- 
derstanding of these symptoms will enable one to recognize the cervical instability syndrom: 
and permit more rational and effective treatment 

In his diseussion, Dr. Ernest M. Buroess”™ felt that the authors’ etiological concept 
regarding the neck-shoulder-arm symptom complex was not necessarily wrong, but unproved 


6 


Rear-End Collision Neck Sprains. Dr. Irvinc Tvuet 
patients have been treated for neck injuries received while sitting in a stationary automobil 


stated that in recent years many 
when struck from the rear by a second car. These have erroneously been called whiplash in- 
juries, ignoring Newton's first law of motion. This condition has assumed a medicolegal 
significance disproportionate to its pathological and medical importance. 

The term whiplash injury is traced to Arthur G. Davis who, in referring to the flexion 
type of injury, applied the term to the severely injured patient who was tossed about in a 
head-on collision. To clarify the mechanism of the injurv in the typical busv-street, rear-end 
collision, the author showed motion pictures of such an injury sustained while riding in a car 
it, speeds of ten and twenty miles per hour at the time of impact, with himself as the experi- 
mental subject. The results were filmed with ultra high-speed motion-picture film, and demon- 
strated that the head and the neck of the driver move according to Newton’s first law of 
motion. The mechanism is purely one of inertia, causing hyperextension and traction of the 
neck without any flexion component. 


Dr. Cuaries Becutor '* complimented Dr. Tuell for ecarrving out dangerous and necessary 
la ; 


creates an unfortunate semantic muddle 
and stated that engineering analysis has shown that in a collision at twenty-three miles per how 
at the moment of greatest neck extension there is a backward force of eighty-four pounds 
ind a downward force, extending the neck, of 308 pounds. Protection can be afforded by a 
headrest wherein the head and torso are accelerated at the same rate and no neck injury can 
follow 


tests for his report. He agreed that the term wiz) 


\ panel discussion, The Legal Aspects of Orthopaedic Surgery, was presented with Dr 
Orvitte N. Jones” as Moderator; the other members of the panel were Jupce Evucene K 
OprenHerMerR, B. A., LL.B.*; Hucu L. Bices, B. A., LL.B”; and Dr. Grorce B. Lone * 

Dr. Orville N. Jones stated that the panel] discussion was the result of the widespread 
interest expressed by the members of the Western Orthopaedic Association. He felt. that the 
topic chosen was vital to every orthopaedic surgeon and was worthy of comprehensive discus- 
sion 

Judge Oppenheimer opened the discussion by directing his remarks toward the orthopaedic 
surgeon as an expert witness. He felt that the term medical witness should be viewed from two 
ispects 1) the moral aspect, and (2) the manner of preparation of testimony and its 
presentation. Judge Oppenheimer said that the medical profession is a great science and stands 
high in respectability. People want to look to it with confidence and for guidance. There- 
fore, there cannot be a betrayal of faith and ideals because of monetary attraction. If the 
witness was the attending physician, then he should appear willingly and given his honest, 
expert opinion. If the medical witness was an examiner for the defense, he must testify as 
to his findings, favorable or unfavorable. Frequently, casual preparation precedes the actual 
presentation of facts by the medical witness. No one can instill the power of expression in a 
witness if he does not have that ability. However, conference and discussion can improve the 
manner of presentation. The manner of speaking and the posture in the witness chair can 
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be effective but the doctor should not assume the role of an advocate and should not take the 
offensive. This is the position for the lawyer. 

Mr. Biggs discussed some of the legal aspects of malpractice as it particularly pertains to 
the orthopaedic surgeon. With the rise in incidence of malpractice litigation, the legal and 
medical professions have found a common ground. Through cooperation and the union of 
the two professions, a hybrid called Medical-Legal Jurisprudence has been born. He stated 
that in a random sampling of 5 per cent of the total membership of the American Medical 
Association, one of every seven members have had claims or action presented against him. The 
highest occurrence is in California where one of every four doctors is involved; the lowest 
incidence, one of every thirty-three, is in South Carolina. Thirty-one per cent of all mal- 
practice claims have arisen in a specialized field, surgery; 20 per cent in the field of ortho- 
paedic surgery, 20 per cent in medicine, 12 per cent in obstetrics and gynecology, and 17 
per cent in the remaining fields. An interesting paradox exists: in the past twenty vears there 
have been tremendous accomplishments made in the field of medicine but, nevertheless, the 
practitioner has never been so beset by claims submitted by disgruntled patients. Mr. Biggs 
stated that he did not wish to conjecture on the cause of this but stated that in view of these 
statistics one thing was clear; the doctor must think more about the problem of malpractice 
litigation 

Most malpractice litigations arise from (1) negligence; (2) statutory violations pertaining 
to the practice of medicine; (3) assault and battery based upon unauthorized operations 
and treatments; and (4) occasional libel and slander suits. 

In defining negligence, Mr. Biggs stated that a doctor is not a guarantor of a cure and a 
bad result in itself does not make the doctor liable. However, a doctor may make himself li- 
able by guaranteeing a cure; the books are not without cases in which doctors have done just 
that. The doctor is not liable for an error in judgment. This presupposes that the doctor is 
capable, on the basis of proper training, of forming an acceptable judgment on the medical 
or surgical problem at hand. The doctrine of res ipsa loquitor was discussed at length as it re- 
lated to negligence and as the latter pertained to malpractice. Malpractice was then defined 
is failure to use the degree of care and skill which the average, competent doctor of the same 
class would use under the same or similar circumstances. It is the doing of an act which the 
average, competent doctor of the same class would not have done. Therefore is it pertains 
to the orthopaedic surgeon, he must be judged according to and in relation to the average 
specialist’s standard of care in his given community 

Dr. Long was introduced by Dr. Jones as being interested in the subject of malpractice 
ind iuthoritvy concerning the medical phases of malpractice. Dr. Long stated that mal- 
tice is a disease of the social body that is endemic and, at times, epidemic and that 
prophvlaxis is the best means of handling it. Although he felt that his remarks might appear to 
be basie and elementary, he presented the following helpful advice. The physician should 


prac 


1. Show interest in the patient by utilizing tact; 
Be available on the telephone; 
Avoid resentment about fees; 
Avoid being cold, abrupt, or insulting; 
Keep complete records; 
6. Have roentgenograms made before and after the treatment of fractures, 
many as necessary ; 


obtaining as 


7. Avoid criticizing another doctor’s work (a lifted eyebrow can be as damaging as a 
spoken word) ; 

8. Avoid doing what he is not qualified to do as a physician; 

9. Ask for consultation when necessary ; 

10. Avoid self-condemnation ; 

11. Always obtain consent for surgical procedures, being sure that the permit is broad 
enough to cover all procedures that are anticipated. This should cover all those who will be 
engaged in the care of the patient; this particularly applies where an associate may be the 
operating surgeon ; 

12. Listen to the patient, and if the patient or relative is concerned about a particular 
diagnosis, accept the responsibility of being sure that it is either present or ruled out, and 
feel free to obtain consultation for paranoic patients; 

13. Make an adequate examination; 

14 Make use of av tilable diagnostic and acceptable therapeutic procedures If tests 
denied, be sure the denial is recorded; and 

15. Be sure to operate on the side of the lesion 


are 


Straight Lateral Approach to the Hip with Preservation of the Abductors for Cup 
Arthroplasty or Prosthesis. Dr. J. Howarp Varney ~ presented a report on the straight lateral 


upproach to the hip, preserving the abductors. He has used this procedure in four patients who 
required prosthesis and eight needing cup arthroplasty on the hip. Only the skin, fascia lata, 
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ior capsule of the hip joint are incised longitudinally. He believed preservation of 
ibductor mechanism results in a strong, stable hip and that hospitalization is shortened, 
illv to six davs, when the abductors are not removed from the greater trochanter. He 
severing the glutaeus medius and glutaeus minimus from the greater trochanter, 
! ituring and starting motion prior to six to eight weeks results in separation in a large 
number « vatients. This occurs in Achilles-tendon lengthening without a cast to prohibit 
movement. TI peration is done with the patient Iving on the healthy side. A padded Mayo 
tuble bene th i leg relaxes the abductors. A straight lateral incision is made in 
ting three to four inches above the trochanter and extending about six 
fascia lata is exposed and slit in line with its fibers and followed upward 
tenor fascia femoris muscle. The glutaeus medius and glutaeus minimus are sepa- 
capsule by the fingers and retracted posteriorly so that the joint capsule may 
id of the femur then dislocated anteriorly and either replacement ot 
s done. Closure is m lavers 

Joun F. LeCocg™ discussed the lateral approach, as described by Gibson, which he 
iImost all his arthroplasties and prosthetic operations. He pointed out that the dis- 
intage of severing the glutaeus medius and glutaeus minimus from the greater trochanter 
nd then resuturing them lies in not being sure that secure reattachment occurs. However, 
emoval of the trochanter lessens the danger of injurv to the sciatic nerve which may occur 
on external rotation of the hip when the trochanter is in place. He re-emphasized that when 

t neck is short a downward transplantation of the trochanter should be done 


Unstable Internal Fixation of Intracapsular Fractures of the Neck of the Femur of the 
Adduction Type. Dr. Max Scueck™ stated that healing of this tvpe of fracture occurs by 
ndosteal-callus formation, and stable immobilization of the fragments is necessary. In spite 


quate pinning, a shift in the anteroposterior ot lateral, or both, projections oceurred 
irtv-six of seventv-seven patients. Follow-up was possible in twenty-nine of the thirtv- 

x. Non-union oecurred in sixteen and union, in thirteen, Of the latter, nine had been reduced 
| femoral he in valgus position and it is believed that this position was a stabilizing 


tor which offset the effects of posterior settling of the head. Five of the fractures with non- 


ion showed excellent valgus position in reduction and pinning but there was a complet: 


Six ununited fractures had a Pauwels III obliquity or the head was 
e was posterior settling in three. In four patients with non- 
omminution of the inferior cortex of the neck of the femur; three 
ilso had posterior cortical fragments 
vuthor concluded that, in addition to Pauwels obliquity, another factor, posterior 
comminution at the fracture site, must be present to add instability. This usually manifests 
itself by the pr : parate cortical butterfly fragment. The fracture is considered 
compression fracture | ! cortical or cancellous comminution and, regardless of the 
e of internal fixation certain number of failures will occu 
The author gave indications for closed reduction and pinning, open reduction and pinning 
ondary osteotomy, and primary endoprosthesis. The number of primary osteotomies 1 
Series | 1 small to permit a conclusion, but it appears that stable engagement of the 
head by metallic pin is often not successful because of posterior commiunution 
In his discussion, Dr. Merritt Mensor = stated that Dr. Scheck had drawn three im- 


teria to our attention that directly influence the prognosis in this particular type 


the fragments; 
npression versus shearing forces; and 


mminution of the fracture as a cause of instabilitv, rotation, and lack of 


Phe of many fractured femoral necks is sealed at the time of initial trauma when the 
| 


ition of the id is destroved 


Dr. Donatp FE. Kina ™ emphasized that impaction of the fragments at the time of opera- 


m will assur ' ter number of unions 


Combined Use of Hip Prosthesis and Acetabular Construction in Correcting Deformity 
of Septic Arthritis in Infancy. Dr. Pau A. PEMBERTON * reported on three infant patients with 
septic arthritis of the hip with loss of the head and neck of the femur treated by prosthesis 

berton felt that arthrodesis is not a satisfactory solution to this problem in children 
i two-vear-old child had lost the head and neck of the femur from infection 

few weeks of life. A Vitallium femoral-head prosthesis (Thompson), seven- 

in diameter, was inserted. Because of the shallow, sloping acetabulum, the 
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wetabular cavitv. Eleven months later the acetab- 
prosthesis was inserted in contact with cancellous 


i good, usable, almost painless, stable hip with two 


onl flexion 
f an eig ear-old girl with a history of septic arthritis during 
etal 


\ Moore prosthesis was inserted without deepening the 


in with a good range of motion and she is able to walk without 
rv shallow acetabulum and possible 


tion showed L ve 


d | y had { head and neck of the femur from 


WV 


Ve old \ Moore prosth . hree-quarte rs of an inch in diame- 


ind the acetabular roof was rotated outward in a man- 
of The American Academy of Orthopaedi 


i stable hip with a good range of motion and no 


cetabulum 
meetin 
s now 
necessarv to retain the articular cartilage of the 
re continuing motion in the hip in thi 
is in childre 
H. Moor ter ! ( ssion, that he was impressed with the 
in tl ips in children because of the difficulty of 


possibility 


t} 
( 


\ ses of spine fusion for tuberculosis in which isoniazid had been used 


The } 
- 


ffect of Isoniazid in the Healing of Fractures. Dr. A. W. Stevenson ind Dr 
\ ; 


\ 


s sion in compa with those which no isoniazid was used 


on the femoral vessels 
pulmonary lesions 


ulosis hie Vv with 


Inorgan 
th week 
ition ol 


Nil} 


mic Reflexes of the Foot. Dr. Wituiam R. I indicated 
ine I e in 


f deformity ! y repe ited 


results of the ul ig that 


The Deforming Effect of Te 


ressed 

deformity im 

movements can be elicited 

four discrete areas on the surface 


ring the 


tainable in an orderly sequence d 


ressiv 


mely disappearance is \ | 
suppression is delayed or disorder- 
random environmental stimuli are 

titude of the vement. Fixation 
ually occu ! rmal infant such 
which occur 

without 


ressed 


i 
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In the child with brain damage and impaired suppressive ability, these reflex imbalances may 
persist for vears and lead to serious fixed deformity. Thus, a general understanding of tonic 
reflex activity becomes pertinent to the orthopaedic evaluation and management of certain 
common foot deformities. A knowledge of normal sequence of suppression offers a further 
basis for evaluating the maturity (suppressive ability) of the central nervous system 

In his discussion, Dr. G. W. Corrret.™ stated that he had been able to corroborate the 
existence of these reflexes in his clinic. In patients with mild cases of cerebral palsy and in 
very young children, testing for retention of other reflexes has a definite value. Simple failure 
of suppression is probably not the whole explanation of retention. He felt that every advance 
in our understanding of these problems should be encouraged 


Local Ischaemic Necrosis of the Leg. Dr. Ivar J. Larsen “, Dr. Epwarp W. Boont 
ind Dr ELLIOT L CoLEs stated that lox ilized ischaemic necrosis of the leg Is a frequent 
occurrence in itumatic and orthopaedic surgery. They felt that the condition is frequently 
} 


overlooked in the early stages because of overlving casts 


The authors presented three cases of ischaemic necrosis of the interior compartment of the 
tibia which developed after common orthopaedic procedures, tibial pinning, rotational os 
teotomy, and tibial-plateau fracture in three patients aged fifty-five, thirty-five, and two 
respectively 

The frequency of occurrence and difficulty of diagnosing localized necrosis in a patient 

ist was emphasized. The authors felt that the importance of systemic reaction to 
; ; 


must le necrosis with particular ittention to svmptoms suggestive of various degrees ol 


lowe -“hephron nhephrosis should he w itched for 


Presidential Address. Dr. Jor B. Davis™ delivered the Presidential Address, which was 
both scholarly ind humorous idmonishing the members to have prudence, fortitude tem- 
perance, and justice. He described some surgeons by comparing certain similarities to species 
of migratorv birds 


He ted tl torical inter of men in the cyclic appearance and disappearance of 


duck ese, and reviewed the writing of diverse ancient pundits on this phenomenon 

followed by these birds during their flights over this continent were de- 

the meat hunters professional bird killers, to extinguish the edible 

ith suitable istrations of various multibarreled and seatter guns 
which I I Ih} loved 

Dr Dav s ol the salient } t teristics of certain Sp ies of ducks The baldpate 
or widgeon, is ret th a soft voice, an irritable disposition, and an indecisive personality 

The spoonbill, or shoveller, is known for his tremendous beak, his irritating and raucous 
chatter, and his repulsive gluttonous eating habits 

The pintail, with his powerful wings and long neck, which enable him to poke his head 
into evervone’s business, cuts and slices his way through life without regard for the feelings 
of others 

The stately and stable mallard is the gracious gentleman among the ducks. His well mod- 
ulated voice and pleasant manners match his kindly disposition 

A strong resemblance to these types of ducks is sometimes shown in certain of our con- 
temporaries. Indecisive baldpateitis, nervousness, and unreliability may be observed among 
those orthopaedic surgeons whose reiterated “I’m not sure”, and “Let’s wait and see” prevent 
their meeting problems in a forthright, firm manner. 

Shovellerism is manifested by gluttonous and constant ingestion of food, interspaced 
with vocal eructations. The latter are commonly misinformative and unrelated to the imme- 
diate problem 

Pintailism is fortunately decreasing among us but occasionally one is confronted by the 
bombastic, overconfident, knife -happy surgeon whose sovereign remedy is to cut, re gardless 
of symptoms or diagnoses 

Dr. Davis concluded by hoping that, with the help of our Lord, we can all aspire to the 
gentle serenity, humility, stability, and kindliness of the mallard 


Experiences with a Cervical-Spine Fusion. Dr. Howarp L. CHerry™ reported a series of 
six cervical-spine fusions done by the usual posterior approach. These fusions were occasioned 
by the residual changes of fracture in all but one patient who had symptomatic congenital 
spondylolisthesis. The level of fusion is carefully selected; a lateral roentgenogram is made in 
the operating room to confirm this level. Only the vertebrae directly involved are fused. The 
spinous processes and laminae are carefully exposed and surfaces roughened. Iliac bone is 
graft. Number 00 woven stainless-steel wire is then used to immobilize the fused 


used is i 
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vertebrae ind to hold the graft in place taking care to avoid dissection or placing anv donor 
bone beyond the level of the fusion. The posterior articulations are not opened and care is 
taken to stay posterior to the mid-line of the laminae. It is essential to use very sharp instru- 
ments to avoid excessive trauma. Fusion was solid in all six in a reasonably short period of 
time. Two case reports were presented in detail 


In discussing the paper, Dr. Cnester McReynoips™ and Dr. Vernon NickeL™ pointed 
out that the indications for cervical-spine fusion are basically all secondary to an undesirable 
instability of the neck. This instability may be due to trauma, to congenital abnormalities, 
extensive surgical laminectomy, extensive paralysis caused by poliomyelitis, or painful con- 
ditions such as extensive osteo-arthritis with nerve-root irritation that has been adequately 
decompressed D McReynolds presented i slide showing the halo which they have de- 
veloped to maintain adequate positioning and positive control of the skull. Their results, in a 
otal of sixty-two cervical-spine fusions done since 1956 at Rancho Los Amigos Hospital, have 
been favorable utilizing either the anterior or posterior approach 


Surgical Treatment of Severe Radiculitis Arising from Nerve-Root Compression and Irri- 
tation in the Cervical Spine. Dr. Geratp G. Girt ® and Dr. Hucu L. Wuire™ presented their 
experiences in the surgical treatment of severe and persistent radiculitis due to nerve-root 
compression and irritation in the cervical spine. This group included eighteen patients oper- 
ited upon from 1952 to 1958. They emphasized that during the same period of time they had 
operated upon three hundred, or more, patients with conditions of the lower portion of the 
back and it was thei opinion that during this period they had seen as many patients with 
cute neck difficulty as with acute low-back difficulty. Most patients with acute symptoms 

the neck respond to simple conservative measures consisting of hospitalization with neck 
ition, followed by the use of a simple neck-traction apparatus at home at night or the use 
of a brace with careful attention to posture and corrective exercises 

The authors hay hed the surgical treatment carefully and have operated upon 
only those | t have not responded to conservative treatment or in whom the pain 

id been sé l ilt conservative treatment that operative intervention Lippe ired man- 
datory. The procedures used have included simple laminectomy, hemilaminectomy 
interlaminar laminotomy resulting in hemifacetectomy at one or two levels, and fusion at the 
time of the original surgical exploration. The authors felt that the changes which appear in 
he lateral intervertebral joints and articulations are secondary to primary discogenetic de- 

the result of premature aging, injury, or stress. At any rate, with 

ng ce and proliferative changes posteriorly, there are proliferative changes 

il intervertebral joints and a build-up of the anterior bar. The nerve root, in 

ing across the lateral intervertebral joint, is compressed by proliferation in this area from 


Piss 
in front and by anterior proliferation from the zygapophyseal articulation behind. Once the 
hard bone structure, caused by the medial half of the posterior articulation, is removed, 
ilong with the ligamentum flavum, the root is no longer held firmly against the lateral in- 
tervertebral joint and can displace posteriorly, thereby relieving its compression. The au- 
thors found lateral herniation of the dise to be uncommon, frank herniation being present in 
nlv two patients and protrusion of the disc present in one of then group of eighteen. In the 


othe r } 


ients, compression was apparently caused by arthritic spurring. The level was de- 


it 
termined by the patcent’s symptoms, roentgenographic findings, and myelograms. The authors 


resented detailed case reports of the eighteen patients operated upon 

They concluded that surgical intervention is necessary in the treatment of severe and 
le radicular pain arising from nerve-root compression and irritation in the cervical 
in few patients and that surgical procedures through the posterior approach have been 
ife and not difficult from the technical point of view. All of the patients with severe 
unrelenting pain were relieved. On the basis of their most recent experience, arthritic patients 
who had local fusion, with the use of local bone at the time of surgerv, had fewer recurrences 
ind less tendency for local neck pain to continue than those in whom fusion was not per- 
formed. Simple laminectomy, hemilaminectomy, and interlaminar laminotomy or hemiface- 

tectomy on both have been successful, however, in relieving acute, lancinating pain 
In the discussion, Dr. Homer C. PHeasant® pointed out that, in his practice, he has 
bout four times as many patients complaining of back problems as neck problems. Of the 
matients treated during 1951 and 1952, he performed forty-five surgical procedures on 468 
vatients with symptoms in the lumbar spine, whereas no surgical procedures were carried out 
111 patients with pain in the cervical spine, although three were referred to a neuro- 
surgeon for neurosurgical treatment in the past nine vears. Dr. Pheasant recognized the fre- 
quency of anterior bar and osteophyte formation in the cervical area and felt that both areas 
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Experiences With Anterior Interbody Spinal Fusion. |): 
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Flailness of the Lower Extremities in Poliomyelitis. Dr. ¢ 
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In reviewing every article that he has written on this subject, I have been impressed, not 
so much by the emphasis on surgical techniques, as by the emphasis Dr. Lowman has placed 
upon the careful analysis of the kinetic potential of each case, a diligent pursuance of a 
graded preoperative and postoperative program of excercises to develop the maximum balanced 
otential of muscles, the individualized attention to gait training, and a careful explanation 
to the patient of what to ect from the procedure. He has emphasized the importance of 
obtaining trunk stability as preliminary and basic to proper ambulation, in order to prevent 
erroneous and deleterious habits of posture and git 

Dr. Lowman has mentioned in his paper other procedures which contribute to decreasing 
the instability of the lower extremities, such as arthrodesis, a procedure in which I have had 
more personal experience. Adding ankle fusion to triple arthrodesis is most important t 
those cases where maximum stability is desired and agility cannot be expected anyhow. The 
inkle fusion is often de laved in growing children because of the potential damage to the 
distal tibial epiphysis, and thereby many vears of a more secure gait with less brace en- 
cumbrance is denied the patient. It is in this regard that I may offer a suggestion 

We have done a few ankle fusions by removing the articular cartilage and impacting a 
wedge of bone from the ilium, fashioning the mortise and the wedge so as to gain a desired 
degree of plant ir flexion to compensate for shortening The distraction provided by the wedge 
secures a firm impaction that is otherwise difficult to obtain in the ankle joint. Fusion occurs 
rapidly and we have noted no damage to the tibial epiphysis 

You may have perceived that these remarks have constituted more of a discussion of 
Dr. Lowman than of his paper. If that be your impression, then I have made my point. For 
how can anyone who will always remain a neophyte offer a critical comment on the mastet 
Therefore I followed a procedure that has become customary in our office I passed Di 
Lowman’s paper around for the other men to read and comment on, and I would like to pass 
on to you and to Dr. Lowman the remarks of Dr. Leo Lucas who is in a better position than I to 

rroper judgment. “I have heard some of his papers and results which have always been 
He is the mastet ind the only iuthorityv on this phase of surgery No one has eve 
iticize, add, or detract when discussing his papers, but only has had praise and 
ration for his great contribution to orthopaedic surgery 

I was impressed at the st inding ovation given Dr. Lowman at the recent meeting of The 

\merican Orthopaedic Association and more impressed by the remarks of this venerable scholar 

remarks touched with the wisdom and history of many vears and the kindliness of a great 
gentleman. Dr. Lowman, I know that in this audience are many old friends and admirers who 
enjoyed hearing your words again and many young men who thrilled at seeing and hearing 
one of the master teachers of orthopaedics I know that all of us here in the Northwest sin- 


ely hope that vou will visit us again when the Western Orthopedic Association comes our 


gain 


Screw Fixation of the Non-United Carpal Navicular. Carr. W. R. Minier* discussed 
McLaughlin's method of treating non-union of the carpal navicular which he used in twenty- 
four Navy personne] The method of treatment included radial stvloidectomy to facilitate 
placing the impacting screw and to reduce the available fulcrum against which the navicular 
is forced during use of the hand and wrist. He made a comparison with results he obtained by 
previously used conventional methods and with figures presented in a survey made for the 
National Research Council by Dr. Joseph Barr of Boston 

The results of four of the twenty-four patients were considered failures. Two of these 

ithrodesis; one wa in follow-up, although he returned to duty with subjectiy 
ind the fourth had the screw and osseous fragments removed elsewhere—rheuma- 
toid art is complicated the result in this patient. Capt. Miller’s presentation and evalua- 
tion of results was based on clinical svVinptoms, no claims were made as to the per cent ol 
inion which took place 
Both the author and the discussor, Dr. Keene O. HALDEMAN “, emphasized the fact that 


early diagnosis and immobilization, union can be expected and results excellent 


Shoulder Arthrography. Dr. Ropert L. Samivson “ and Dr. Frank L. Raney, Jr.” presented 
detailed description of a method of shoulder arthrography. The arthrographic findings made 


of normal shoulders by this method were described in detail. The method was applied to 103 


shoulders without resultant infection. The authors felt that the method is safe, easy, and may 
he done h the out-pat t irtment. Consistent pathologic i patterns were demonstrated 
by excellent slides in teat rotator cuff, in bicipital lesions, in shoulder dislocations, and 


in frozen shoulders. Studies, particularly in cine-arthrography, are being continued by the 
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uuthors and it is their hope that much more will be learned about shoulder-joint function 
ind pathology in future studies 

Dr. Louis H. Eomunpbs™, in discussing the paper, emphasized the difficulties which may 
be encountered in entering the shoulder joint and the ease with which the dye can be injected 
outside the shoulder joint. He also emphasized that experience 1s necessary in interpretation 
of the arthrograms. He likewise verified the authors’ feeling that it is a good test especially 
in tears of the rotator cuff 


WESTERN OrTHOPEDIC ASSOCIATION ANNUAL AWARD RESIDENT Essays 

The Relative Importance of Periosteum and Blood Supply in Fracture-Healing. Dr. L. C 
Fo.Kes ™ attempted to determine the relative importance of periosteum as compared to blood 
supply in fracture-healing. Experiments were performed on forty rabbits in which fractures 
of the humerus were produced; subsequent studies lasted for from two to six weeks 

Uniformity and simplicity of technique were obtained by producing, with a saw cut, an 
ncomplete fracture which extended across one-half the diameter of the rabbit’s right humerus 
ind subsequently amputating the foreleg. The animals were sacrificed and the humerus dis- 
sected out in toto. The amount of fracture healing was determined by gross inspection, 
oentgenograms, photographs, and microscopic sections 

The experiment was divided into three major groups: (1) A control group with saw cut 
only. The results showed rapid healing in two to three weeks. (2) Following the saw cut, the 
eriosteum was elevated and kept separated from the shaft by wrapping it with tantalum 
oil. The amount of blood supply to the fractures was varied by interrupting either the 
periosteum, the medullary, or the nutrient artery supply. Delayed or poor fracture healing at 
six weeks, death of the cortex of the shaft, and marked involucrum bridging the tantalum 
foil resulted. (3) Following the saw cut, the periosteum was left intact with the bone but. sep- 
irated from the surrounding soft tissue by tantalum foil. The variations of blood supply cor- 
responding to Group 2 were done. Fracture healing in about three weeks, viable cortical bone 
ind markedly thickened periosteum often showing new and hypertrophied network of blood 
essels resulted 

\s result of this experimental work, the inference is drawn that fracture healing is 
essentially dependent upon the presence of periosteum the fracture site. Furthermore 
the time of fracture healing varied inversely with the adequacy of blood supply to the injured 


rea 


Pathomechanics of the Knee Joint. Dr. Atsert F. Martin ™ reported the results of his 
investigation of the feasibility of stress testing the medial collateral ligament of the knee in 
the presence of fractures of the lateral tibial plateau. Fresh specimens amputated through the 
mid-portion of the thigh were utilized for the production of fractures of the lateral tibial 
plateau. Stress testing was then performed with the limb in the valgus position with and 
without ligamentous damage. The specimens were fixed in a wooden wedge mount and three 
sets of abduction-stress roentgenograms were made of each specimen The first was made 
with intact bone and ligamentous structures; the second, after resection of the lateral tibial 
plateau and its meniscus; and the third, after resection of the medial collateral ligament 

Review of these experimental stress films revealed the following 1) Increase in the 
medial clear space, following plateau resection alone, is minimal—less than one centimeter 
The author concluded that significant opening of the medial clear space will not occur with 
plateau injury alone. (2) When there is a demonstrable increase in the medial clear space 
greater than one centimeter—there must be damage to the medial collateral ligament. The 
experimental work cited is correlated with clinical observations on patients diagnosed as 
having injuries to the lateral tibial plateau and medial collateral ligament. 

tecommendation was made for abduction stress testing with roentgenographic control 
matients having injuries to the knee joint. Where valgus instability is readily demon- 


I 
ible irly surgical repair would seem indicated. The essential data obtained from cadaver 


pecimens has, however, primarily experimental implications 


4 


Cavus Deformity of the Foot. Dr. Wittiam D. Guyer™ and Dr. Cuartes A. Facan 
expressed concern over the importance of early and vigorous treatment in the prevention of 
progressive cavus deformity of the foot. Although the components of the deformity may 

uy lassi illy, the cavus foot presents a fixed high arch with moderate varus position of the 
fore part of the foot hyperextension of the netatarsophalange al joints and flexion of the 
proximal interphalangeal joints. In addition, equinus position of the hind part of the foot 
may be present, although paralytic calcaneus deformity has also been noted 
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Etiological factors include intrinsic-muscle weakness, muscle imbalance, and congenital 
deformities. In many cases, the common denominator of the several mechanisms seems to be 
contracture and shortening of the plantar fascia and ligaments. When the deformity is pro- 
gressive and conservative treatment with anterior heels, exercises, and night splints is of no 
avail, plantar soft-tissue stripping would seem to be indicated. The importance of a lateral 
surgical approach was emphasized in order to avoid medial scarring and recurrence of the 
deformity 

This study was conducted at the Shriners’ Hospital for Crippled Children, Portland, 
Oregon, from July 1952 to July 1958. Operations were performed on fifty-three feet in forty 
patients. The average age was ten years, with a range of from four to fourteen years. In forty- 
eight feet, improvement was obtained and in five feet, no improvement was noted. Only two 
complications were reported; one instance of incisional skin loss and one pressure ulceration 
caused by plaster. 


Prosthesis Arthroplasty of the Hip. Dr. Winuiam E. Burkuatter™ and Dr. SHELDON 
Rocer ™ summarized their experiences with prosthetic arthroplasty of the hip at the University 
of Colorado Medical Center. From 1951 to 1957, 127 arthroplasties of the hip were performed 
on 120 patients treated in the hospitals of this medical center. The preoperative indications 
for surgery were: failure of primary treatment of femoral-neck fractures, primary treatment, 
per se, of femoral-neck fractures, degenerative arthritis, previous unsatisfactory arthroplasty, 
rheumatoid arthritis, and miscellaneous diseases 

The largest single group of patients (sixty-two) on whom the operation was performed 
had complications following fractures of the neck of the femur. Replacement arthroplasty 
was utilized as a primary treatment of femoral-neck fractures in forty-two instances 

Adequate follow-up examinations were obtained in eighty-six patients with ninety-two 
operations. The average length of follow-up was 23.5 months. During the follow-up evalua- 


tion, grading was made on a functional basis and divided into four categories: excellent, good, 
fair, and poor. The most desirable results were in those patients who had full activity and no 
limp or pain; the least desirable result occurred in patients who had constant pain and 


required crutches for support 

In this group of eighty-six patients, the results of twenty-seven were graded excellent; 
twentv-nine, good; seventeen, far; and nineteen, poor 

Complications most frequently encountered in this series included fracture of some por- 
tion of the femur at the time of insertion of the prosthesis, wound infection, and postoperative 
dislocation of the prosthesis 

Significantly, the authors felt that better results are obtained when prosthetic arthroplasty 
is utilized for the treatment of complications of femoral-neck fractures rather than for the 


primary treatment of these fractures 


Non-Union of Fractures of the Trochanteric Area of the Femur. Dr. Howarp R. Baker 
studied eleven patients with ununited intertrochanteric fractures of the femur. The author 
stated that non-union of intertrochanteric fractures of the femur is rare and that this com- 
plication is largely ignored in the literature. The ages of the eleven patients analyzed ranged 
from fifty-seven to ninety vears 

All types of intertrochanteric fractures were represented in the series. The predominant 
irea of non-union, however, was in the region of the lesser trochanter especially when a 
nearly transverse fracture line existed in this region. In the fractures treated by traction, the 
outstanding contributory factor in the development of non-union appeared to be distraction 
of the fracture with resultant inadequate contact which, in one case, was associated with too 
vigorous an attempt to correct a varus deformity. 

In the surgically treated fractures, one case was characterized by too early removal of the 
nail with subsequent medial migration of the femoral shaft. In the other cases, unstable 
fixation appeared to be a major contributing factor in producing non-union. The author felt 
that if internal fixation is not completely stable at surgery, additional fixation such as a plaster 
hip spica or light traction should be employed. Medial migration of the femoral shaft, allow- 
ing the inferior cortex of the neck to pass over the medial cortex of the shaft fragment and to 
ibut its later il cortex, was a common finding in this series. It occurred in patients tre ated by 
both traction and surgery. Surgical correction of non-union consisted in internal fixation and 
bone-grafting procedures with or without an abduction osteotomy. In the majority of patients 
followed this operation was successful. No valid statistical conclusions could be drawn, how- 
ever, because of the small number of patients reviewed 


Reconstruction of the Spastic Hand. Dr. James N. Witson ™ evaluated the diagnostis 
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ind therapeutic approach to the surgical management of disability resulting from the spastic 
hand. Reconstructive soft-tissue surgery for spasticity of the upper extremity has generally 
been regarded with disfavor. However, the patient with cerebral palsy should be differen- 
tiated from the individual suffering from spastic paralysis following brain or cervical-cord 
damage Such distinction should be made both from the degree of spasticity and the surgical 
rognosis 
In cerebral palsy, the spasticity is frequently generalized and the patient has little, if any, 
luntary control over any specialized muscle groups. Attempts at active motion are usually 
ccompanied by mass reaction in which the spastic elements determine the position of the 
hand and wrist irrespective of the patient’s volition. In cases of post-traumatic spasticity, 
however, the patient retains control of specific muscle groups and loses only voluntary control 
selected areas. In such cases the selective use of tenotomy, tendon transfer, tenodesis, and 
iectomy may be useful in improving hand function 
This report was based upon four patients in whom some improvement in hand function 
was accomplished by reconstructive surgery. 
Dr. Wilson emphasized that spasticity, per se, is not an undesirable element and that, 
to any surgical approach, the expected improvement must be carefully evaluated against 
possibility of diminished function following surgery. 
Dr. Wittram R. Duncan”, in his discussion, emphasized the distinction between the 
ongenital and acquired types of spastic hand, since the surgical approach may be entirely 
tvpe. Many of the mass reflexes occurring in patients with spasticity repre- 
chanisms which should not be altered by surgical interference 


Experimental Data on the Healing of Ruptured Ligaments. Dr. Mack L. Clayton ™ and 
Dr. Gorvon J. Wetr™ reported the results of an experiment testing the comparable tensile 


strength and microscopic picture of divided ligaments treated by simple immobilization and 


} 

d by open surgery ind suture The ir work was based on the premise that, follow- 

ing iplete rupture of a ligament, instabilitv of the related joint often occurs because the 

ligament fails to heal with proper length and strength following conservative plaster-im- 
mobilization technique 

perimental procedure was as follows: The medial and lateral collateral ligaments 

were horizontally transected at the joint line in twelve adult mongrel dogs 

one leg were sutured; those in the other leg were left open. Groups of dogs 

it intervals of four davs, and one two, three four, and SIX weeks postopera- 

ligaments were examined grossly and microscopically and tensile-strength deter- 

minations were carried out. It was found that the tensile-strength determination of the 

sutured ligament was stronger than the open ligament it all test periods ind that. the sutured 

ined normal strength in six weeks whereas the unsutured ligament did not 


i 
normal strength even after that period of time 
The authors concluded that recovery with better strength and stability of the joint re- 


mary suture of a completely ruptured ligament than after simple plaster im- 


on 
Dr. Kirk J. ANDERSON ™, in discussing this experiment, stated that this study rendered 
inswer of practical importance in the treatment of the freshly ruptured ligament. In his 
xperience, primary surgical repair of a severely ruptured ankle ligament, involving both the 
interior talofibular and calcaneofibular ligaments, assured superior results. This impression 
was also confirmed by experimental laboratory observations of an anatomical nature. His 
ession was that conservative management of the completely ruptured ligament does not 


sitioning of the displaced segments after restoring joint alignment 


Intervertebral-Disc Space Infective Processes. Dr. THomMas B. Scanton™ and Dr. JoHN 

J. Loutzen HEIseER™ drew attention to a clinical entity which has been variously labeled as 

cific spondylitis, spondylarthritis, a benign form of osteomyelitis, acute purulent in- 

n of the intervertebral space, destructive lesions of the vertebral dise, infection of the 

tebral interspaces, and vertebral osteomyelitis. This disease has not received adequate 

ige in the orthopaedic literature, but has been noted with greater frequency in litera- 

taining to urology and roentgenology. An intervertebral-dise space may become in- 

direct arterial infection, by venous implantation from pelvie and genital-organ drain- 

way of the plexus of Batson, or by direct contamination following lumbar puncture 
surgery, and other iatrogenic means 


Usually the ortho} vedist is consulted late in the course of the disease, characterized by 
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f motion in the back with roentgenographic findings of narrowing of the 
ictive sclerosis of the idjacent vertebrae ind, in some cases 
nvolving the vertebral components 

it the diagnosis of infection of the intervertebral-dis space 
iwareness of the existence of the disease Biopsy of the ver- 

diagnosis 1s in doubt 
ri tive treatment, including wide spectrum antibiotic therapy and im- 
mobilization of 1 pine by plaster jacket or brace should be the rule. Occasionally, surgical 
decompression of t int | mav be necessary to relieve pain or to drain a frank abcess 
cavity. In those patients in hom spontaneous interbody fusion does not occur, surgical 


irthrodesis may be 


Dr. Haroun Crowe™, in his discussion, recalled his experience with a child, aged twelve 


id been followed for approximately nine vears. Inasmuch as spontaneous interbody 
is considered desirable, Dr. Crowe postulated that the extensive use of antibiotic therapy 


( ‘ On rl mtaneous he iling 
Arthrodesis of the Knee with Intramedullary Fixation. Dr. Rosert Mazer, Jr.”, and 
Dr. Marsuary R. Urisr™ stated that, following knee arthrodesis, immobilization may usually 
by ssuge ¢ medullary nail of sufficient length and strength across the fusion 

grain walking plaster 
le pull and the intermittent compression furnished by 
on. Patients may sit in a wheel chair within a few days 
Prolonged hospitalization is unnecessary 
his method are 1) fracture of the 
wail at knee level. Infection is 
nts with neuropathic joints 

re of the femur was presented: A long 
trograde t femur from the 
femur. The drill is withdrawn 
drill hole. An incision is made 
n out through tl cin until 
is then brough )posi- 


Sines } l _ this 


idowed by a \ tf enthusiasm 
We believe medullary-nail fixation pro- 
external ap} o get out of orde: 
on 
cases of knee fusion with medullary- 


inalvzed. Ten fusions occurred; there 


rthrodesis of the knee 1 i safe and 
when the ¢ ue su previously is used 
\ NDERSON 1iSCUSSI { of compression using two Stein- 


nd two below t i" with turnbuek wv elastic traction 


The Stone Operation for Hallux Valgus. Dr. Roserr BincHam ™ presented eighty-four 
hallux valgus and hallux ri i i technical description of the surgical 
by Di t Missouri. The operative technique 
t metatarsal, removal of the exostosis 
metatarsal t wv weight-bearing on the 
tween he osteotomized bone 
fibrous jom whi ! s the deformity 
iring 

ind full weight-bearing is started 

study of twenty-five 

lateral operations twenty one 
proved but had some metatarsalgia 
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In the discussion of this paper, Dr. CHartes Stone” described his experience with this 
procedure in over fifty years of orthopaedic practice and in over a thousand operations 
Although it had never previously been published, he claimed no originality for this technique 
He agreed with the high per cent of satisfied patients and relative simplicity of the operative 
procedure 

Dr. Warren Wuite™ also discussed the paper and recommended this procedure on the 
basis of twenty-five years experience with a similar technique. He agreed with Dr. Stone that 
early walking is the main secret of the success of this procedure over the more complicated 
technical operations which require prolonged periods of immobilization or restricted weight- 
bearing after surgery 


Leg-Length Equalization by Femoral Shortening. Dr. M. Jonn Rowe ™ and Dr. Gustavus 
Bock “ presented a series of twelve cases of femoral shortening with intramedullary fixation 
ifter shortening osteotomy had been performed, the femoral shortening being done on the 
longer of the two extremities. The authors feel that the current tendency to correct leg- 
length inequality by epiphyseal arrest is hazardous since iatrogenic deformity may develop 
in the good leg with an unsatisfactory result because of the difficulty of predicting the future 
growth of a specific individual. Correction during growth by shoe lifts, progressive super- 
vision of leg-length by Farill roentgenograms, and definitive shortening with intramedullary 
fixation until completion of growth has been satisfactory in their short series. They feel that 
this procedure is safer and more accurate than epiphyseal arrest. Their program of treatment 
is: (1) leveling-off the short leg with shoe lifts sufficiently to allow the patient to stimulate 
the short leg by equal pounding and walking comparable with weight-bearing on the opposite 
side; (2) checking growth regularly by clinical measurements and by Farill roentgenograms 
it about six-month intervals; and (3) differences in length of more than two centimeters 
for which normal lateral pelvic mobility cannot compensate are surgically corrected at or 
near the end of the growth period. A measured segment of femoral shaft is removed from the 
long side and a double-ended, diamond-shape, intramedullary nail is used for fixation until 
healing is complete. The pin is then removed after union is solid. The procedure is used for 


lower limb-length discrepancy in patients with poliomyelitis, septic arthritis, tuberculosis of 
the hip, and spastic paraplegia with old fracture. The average hospital stay for the operation 
is nine days. One complication of postoperative telescoping was described. All results were 
gr ided as good 

In discussion of this paper, Dr. Dana Srreer™ pointed out that in addition to the pre- 
viously mentioned methods of leg-length equalization described by the authors; namely, 
growth stimulation, growth arrest, bone-lengthening, and bone-shortening, a fifth method of 
lower-limb equalization by subtrochanteric osteotomy must also be kept in mind in such 


corrective surgery. Dr. Street pointed out that the desirability for equalizing the two limbs 


for weight-bearing is important toward restoring and maintaining improved motor function 
in limbs which are taking weight-bearing in a somewhat equal manner ,as well as the im- 
provement in the bone structure itself in the shorter limb which can be anticipated by more 
or less even weight-bearing. Dr. Street emphasized the difficulty in controlling rotation of the 
transverse osteotomy, as described by the authors, and described his own technique for avoid- 
ing this at the time of performing the osteotomy. 


Hemipelvectomy. A Review of Thirteen Cases. Dr. Roperr A. Wise ™ discussed his ex- 
perience with thirteen consecutive patients with hemipelvectomy. There was no operative 
mortality. The indications for the procedure were: (1) primary malignant tumor of the in- 
nominate bone and upper part of the femur, (2) primary malignant tumor of the soft tissue 
of the thigh, and (3) recurrent malignant tumor of the upper part of the thigh. Emphasis was 
placed on the last indications, and examples were presented of patients who had recurrences 
ifter limited operations, but who received helpful palliation and possible cure by radical pro- 
cedure. The importance of performing the radical operation as the first procedure, when 
indicated, rather than a more limited one, was discussed. 

The results of careful follow-up studies of these patients were presented. Four are living 
without evidence of disease, the longest period of time being eleven years. Of the living 
patients, two had osteochondrosarcoma of the ilium, one, osteogenic sarcoma of the femur, 
ind one, recurrent liposarcoma of the upper part of the thigh. The average length of survival 
was fourteen months 

The following helpful measures of aid in the operation were discussed: (1) the position of 


the patient on the operating table; (2) the technique requiring no turning of the patient; (3) 
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the control of the common iliac artery and the veins of the pudendal plexus; and (4) a method 
for locating the position of the sacro-iliac joint 

\ helpful prosthesis to be used during convalescence and a walking prosthesis for pa- 
tients without local recurrence or metastasis was described 

In discussing this paper, Dr. DonaLp Kinc™ pointed out the magnitude of the operative 
procedure and the indications for its being done. His experience encompasses some twenty-six 
hemipelvectomies the last twenty of which were done without death from surgery itself 
Technique of the operation was discussed and Dr. King implied that the major portion of 
the patients reported had been operated upon for malignant disease. Yet he demonstrated 
the value of this procedure for persistent uncontrolled infection. Dr. King thinks this can be 
done with perfect safety and will accomplish more for the patient if the procedure is applied 
early in the disease rather than after dissemination has rendered it a palliative procedure only 


Short Below-Knee Amputations. Dr. FauLKNeR A. SHort™ presented clinical evidence 
to indicate that short below-the-knee amputations can yield excelient stumps if they tolerate 
end-bearing. A cone-shaped stump, recommended in modern textbooks, will not always be the 


best. possible stump. Experience shows that, in below-the-knee stumps less than four inches 
long, the sh pe should be eyvlindrical and the distal end of the stump should be flat or slightly 
rounded 

The fibula should not be removed except when It 1s dislocated or when its presence pre- 
vents skin closure. The head of the fibula he Ips to prevent rotation ol the stump in the socket 

Scars on the end of the stump tolerate weight-bearing if not tightly adherent to bone 
Scars on the sides of the stump cause no trouble if there is end-be iring Tibial bone easily adapts 
itself to end-bearing 

Cutting the hamstring tendons gives better function, especially in individuals where the 
insertions are lower on the stump 

The best prosthesis for end-bearing is a closed end, wood socket with a long thigh lacer 
Felt pads are used for heavy bearing and sponge-rubber pads for light bearing. The quadri- 
laterally shaped wood ischial weight-bearing extension is the next best type of prosthesis if 
end-be iring 1s not tole rated 


Epicondylitis (Tennis Elbow). Dr. Ropertck E. Beca™ reviewed the literature, pointed 
out the etiology of the condition, and discussed the generally ac pted pathologic il findings of 
tennis elbow (epicondylitis) or radiohumeral bursitis. The author also observed the presence 
of a prominent ridge on the lateral part of the condvle of the humerus which he termed 
i gunsight spur. The author outlined his experience with both surgical and conservative treat- 
ment. The technique of making roentgenograms which show this spur was described, and a 
comparison made of roentgenograms of people with svmptoms of tennis elbow and_ those 
with normal elbows. In reviewing twenty patients with tennis elbow he was able to demon- 

in approximately one-third of the cases, a typical gunsight spur. The other two-thirds 
showed no positive roentgenographic findings according to the author's criteria. In the author's 
experience, the presence of the gunsight spur, when demonstrated, did not appear to alter 
the results of treatment, either operative or conservative. This coincided with his observation 
of twenty patients who | roentgenograms made and had no symptoms of epicondylitis and 
o showed t] sight spurs. This is ipproximate ly equal to the number observed 


the cases 
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CONGRESS OF THE SOCIEDADE BRASILEIRA DE ORTOPEDIA E TRAUMATOLOGIA 


As Reported by Dr. F. E. Godoy Moreira, Sio Paulo, Brazil 


The Twelfth Congress of the Sociedade Brasileira de Ortopedia e Traumatologia was held 
in Sao Paulo, Brazil, from July 28 through August 2, 1958 

The meetings were held under the auspices of Dr. D. Define, Sao Paulo, President; D1 
J. B. Sardinha, Rio de Janiero, Vice-President; and Dr. O. Graner, Sio Paulo, Secretary 

The subjects treated were: 

Recurring Dislocation of the Shoulder. (Moderator: Dr. O. Pinto de Souza.) Dr. Water 
Barsosa and Dr. D. D’ANGeELo (Rio de Janiero) recommended operative methods that aim at 
repair of the lesions found in this condition and said that they were not in favor of those which 
try to create an obstacle to recurrence of the dislocation. 
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lreatment of the Fractures of the Pelvis. (Moderator: D1 haves.) Dr. O. Rupce (Rio 
Janiero) and Dr. L. Masicpe (Porto Alegre) discussed t classification, treatment, and 
pli tions ol Lhese Iract CS They ecommended that tl itment should 1 conservatl ( 
of cases. They recommended surgery for those patients with seve 
liae dislocations and felt that the « } ition of a urologist was madispensable 
dera Dr. O. P. Campos.) Dr. W. Ss. Rosa 
le 


lreatment of Congenital Club-Foot. (Mo 
Rio de Janiero) and Dr. J. Vicenzo (Sao Pat 


ses ol congenit cl foo 


ted on the treatmen two thousand 
tment was stuart iriv, t v found that 


ilo) described the techni f the Codvilla operation 
ive treatment failed Kk CarvaLuo (Sao Paulo 
extensor hallucis proprius t | lith metatarsal f { 
Dr. B. C. Carvaltuo 
method and, after ma 
Achilles-tendon 
ii li W re ition to thie | Meus 
Dr P. Souz » Paulo) described The Club-Foot Clinic of ¢] vilha nandinho 
Rehabilitation in Orthopaedic Surgery. Dr. R. C. Bomrim ; tulo) s} the need 
I I \ , t I ht \\ I ) I , alle ‘ } 


rehabilitation prograt 
| ind benefits of rehabilitation throughout 
Treatment of Infantile Paralysis. 
Rio de Janiero) and Dr. R. R. Avi 
esults obtained at the Hospital Jes 
1 deglutive co tion 
Additional ipers read were 
Laboratorial Tests in the Diagnosis of Infantile Paralysis by Dt 
| Diagnosis in the Acute Stage of Infantile Paralysis by Dr. A. | 


The following eonterel Vel resented Dv gues ‘ 


Recurring Dislocation of the Shoulder. Dr. Merrie D’Avusiansé 


ng sy lesions found in ¢ th preat i ind des 


nded ¢ Putti-Pl 
Cervical-Dise Herniae. Prov. Oscar 
I MIpPress 1 of the sixth ana se 
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nvoived and to 
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Compression Arthrodesis lip Joint. 


aered 
‘ i “4 nh ile ilé nel 
Tabic Arthropathy of the Knee Joints. 1) 
| nad dingne spects ol ! 


1 by histolog lies, were obtained throug! 60 nion 


Fundamentals, Indications, and Techniques of Subtrochanteric Osteotomies. Dx. ( 


OTTOLENGHL (Buenos re discusse su ochanteric osteotomv in gard to failure ot 
feren inthe techn ( strict ‘ qu tol vo troe} osteotomy) 


Leck tached it to the femoral diaphy Vv means of screws 
cations in the Treatment of Fractures of the Upper Extremity. 
Bapo Montevideo stressed the mportal ol otution in the mechanism ol 


ed the Monteggia 


in order 


Rotatory Trauma and Its Impli 
Dr. José Lui t 


nand 


rreatment of the Paralytic Shoulder. 1D: 

weful study Mi muscles involved and the degree of impairment before deciding 

itive procedure «© performed; tendon transfer, glenohumeral arthrodesis, scapulodesis 

combined operation 

The Painful Shoulder—Experience of 2,580 Cases With Special Reference to Calcified 
Tendinitis. Dr. Paut Harmon (San Francisco) discussed the main caus of unful shouldet 


including their relatiy lrequency and the treatment recommended in each cast 
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News Notes 
THE AMERICAN ORTHOPAEDIC ASSOCIATION 


The Seventy-Second Annual Meeting of The American Orthopaedic Association will be 
held at the Lake Placid Club, Lake Placid, New York, June 15 to 18, 1959, under the presidency 
of Dr. C. Leslie Mitchell. The tentative program of the Meeting, as submitted by the Pro- 


gram Committee, is as follows: 


Monpay, June 15 
Morning Session 

Interscapular Fascial Transplants. An End-Result Study of Thirtv-Two Cases 
J. Vernon Luck, M.D., Los Angeles, California: 
Charles LeRoy Lowman, M.D., Los Angeles, California 

({n Estimate of Prognosis in Cerebral Palsy 
William Cooper M.D., New York, N \ 

Effects of Rotary and Valgus M ilpositions on the Blood Supply to the Femoral Head 
Frank B. Smith, M.D., Portland, Oregon 

Surgical Treatment of Brachial Plexus Injuries 
James E. Bateman, M.D., Toronto, Ontario, Canada 

Introduction of the Exchange Fellows 
John P. Adams, M.D., Washington, D. C.; 
Sherman S. Coleman, M.D., Salt Lake City, Utah; 
(ndrew H. Crenshaw, M.D., Memphis, Tennessee ; 
James 8S. Miles, M.D., Denver, Colorado 


Executive Session 
Mvening 


The President’s Reception 


Tuespay, JUNE 16 
Morning Session 

The Architecture and Mechanical Strength of the Epiphyseal Line 
Charles O Bechtol, M D., Los Ange les California 

K:ffects Produced in the Cartilaginous Epiphyseal Plate of Immature Dogs by Experi- 
mental Traumata. 
Crawford J. Campbell, M.D., Albany, New York; 
Andres Grisolia, M.D. (by invitation), Albany, New York; 
Creorge Zanconato M.D by invitation) Albany New York 

An Evaluation of Epiphvseodesis and Treatment of Leg-Length Discrepancy 
Philip D. Wilson, M.D., New York, N. ¥ 
T. Campbell Thompson, M.D., New York, N. Y. 
Lee Ramsay Straub, M.D., New York, N. Y. 
Philip A. Granieri, M.D. (by invitation), Boston, Massachusetts 


The Effects of Continuous Compression of Articular Cartilage 
) 
g 


R. B. Salter, M.D by invitation), Toronto, Ontario, Canada 

Guest of Honor 
Wilfried F. H. M. Mommauerts, Professor of Medicine and Professor of Phvsiology. 
University of California, Los Angeles, California 


WEDNESDAY, JUNE 17 
Morning Session 

Fibrous Dysplasia: A Twenty-Five Year Study with Follow-Up. 
William H. Harris, M.D. (by invitation), Boston, Massachusetts: 
Patricia H Benedict M.D. (by invitation), Boston Massachusetts; 
H. Robert Dudley, Jr., M.D. (by invitation), Boston, Massachusetts 
Roy Barry, M.D. (by invitation), Boston, Massachusetts 

Electromyographic Study of Transplanted Muscles about the Knee in Poliomvelitic 
Patients 
David H. Sutherland, M.D. (by invitation), San Francisco, California: 
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Frederic C. Bost, M.D. (deceased), San Francisco, California; 
Edwin R. Schottstaedt, M.D., San Francisco, California. 

The Anatomy of Congenital Talipes Equinovarus (with Ten Dissected Specimens) 
George W. Settle, M.D. (by invitation), Baltimore, Marvland 

Progressive Changes in Benign Cortical Defects of Long Bones: Radiographic Features 
John Caffey, M.D., New York, N. Y 

Presidential Address. 
C. Leslie Mitchell, M.D., Detroit, Michigan 


.vening 
Cocktails 
Annual Banquet and Ball. 


Tuurspay, JuNE 18 
Morning Session 

Correlation of the Myelogram to Clinical and Operative Findings in Lumbar Disc Lesions 
Edward Lansche, M.D. (by invitation), St. Louis, Missouri; 
Lee T. Ford, M.D., St. Louis, Missouri 

Lumbosacral Disc Disease. The Results of Surgical Treatment 
Beckett Howorth, M.D., Stamford, Connecticut. 

The Role of Soft Tissues in Osteogenesis (an Experimental Study of Canine Spine Fusions) 
Frank E. Stinchfield, M.D., New York, N. Y.; 
Lloyd A. Hurley, M.D. (by invitation), New York, N. Y.; 
C. Andrew L. Bassett, M.D (by invitation), New York, N. Y 

Postirradiation Fractures of the Neck of the Femur 
William H. Bickel, M.D., Rochester, Minnesota. 


Second Executive Session 


The Committee on Scientific Investigation of The American Academy of Orthopaedic 
Surgeons announces that all manuscripts to be entered for the Kappa Delta Award, which 
is presented annually for the outstanding scientific contribution in the field of orthopaedic 
surgery and which carries an honorarium of $1,000, should be submitted by Julv 1, 1959. The 
manuscript should be forwarded to the Chairman of the Committee: Dr. Frank E. Stinch- 
field, Columbia-Presbyterian Medical Center, 180 Fort Washington Avenue, New York 32 
N. ¥ 

The winner of the Award will be asked to present the paper before the Annual Meeting 
of The American Academy of Orthopaedic Surgeons in January 1960. It is, therefore, sug- 
gested that the manuscripts be submitted as early as possible so that the utmost care may be 
given in evaluating each contribution. 


The Part II examination of the American Board of Orthopaedic Surgery for certification 
will be held January 19, 20, and 21, 1960, in Chicago, Illinois. The deadline for receipt of appli- 
cation is August 15, 1959. Application should be made to Sam W. Banks, M.D., Secretary, 
116 South Michigan Avenue, Chicago 3, Illinois. 


The Sixth Annual Meeting of The Society of Nuclear Medicine will be held in Chicago, 
Illinois, June 18 through 20, 1959. Additional information may be obtained by writing to 
Samuel N. Turiel, Administrator, The Society of Nuclear Medicine, 750 North Michigan 
Avenue, Chicago 11, Illinois. 


The Association of Bone and Joint Surgeons will meet in Washington, D. C., April 12 
through 15, 1959. Dr. William M. Deyerle, 2222 Monument Avenue, Richmond 20, Virginia, is 
secretary, 


The Sixth Congreso Nacional de Ortopedia y Traumatologia will be held in Mexico City 
from May 2 to May 7, 1960 The general the me of the meeting has been announced as Prob- 
lems of Articulation. For detailed information write to the President-of the Committee on 
Organization, Dr. Xavier Romo Diez, Calzada de Tacubaya 101, Mexico 11, D. F 


The Seventy-First Annual Meeting of the American Association of Railway Surgeons 
will be held in Chicago, Illinois, April 16, 17, and 18, 1959. 


The Third Annual Post-Graduate Course in Fractures and Other Trauma of the Chicago 
Committee on Trauma of the American College of Surgeons, April 15 through 18, 1959, Murphy 
Memorial Auditorium, is dedicated to the memory of Dr. Fremont A. Chandler, former Pro- 
fessor and Head of the Department of Orthopaedic Surgery of the University of Illinois. Mem- 
bers of the Planning Committee for this Course are Dr. John J. Fahey, Dr. Sam W. Banks, 
Dr. J. D. Farrington, Dr. William A. Larmon, and Dr. Vernon C. Turner. 
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The Gordon Research Conference on Chemistry, Physiology, and Structures of Bones and 
Teeth will be held July 13 through 17, 1959, at Kimball Union Academy, Meriden, New Hamp- 
shire, under the Chairmanship of W. D. Armstrong. The program is as follows 


Invited Short Communications. Felix Bronner, Chairman 

“ oa : ' 

Ole is a Mechanical Tissue Jonathan Cole n, Chauwman 
Bone as a Problem in Mechanical Engineering. G. H. Bell 


14 
The Relation of the Microscopic Structure of Bone to Its Strength Characteristics and 
Other Physical Properties. F. G. Evans 
Mechanical Properties ol Bone lrom Radium Pois med Dogs H Hollinghaus 
The Transmission of Weight Through the Knee Joint. M. G. Harding 
Fluoride Metabolism. Harold C. Hodge, Chairman 
Broad Aspects of Fluoride Metabolism. D. A. Greenwood 
Radiofluoride Studies. Yngve Ericsson 


Bone Retention of Fluoride. P. H. Phillips 

Radiofluoride Distribution in Animals under Chronic Fluoride Exposure. C. 8. Hobbs 

Urinary Fluoride Levels in Relation to Change in Osseous Radiopacity. E. J. Largent 

Fluoride Content and the Chemistry of Human Skeletal Tissue. F. J. McClure 

Mechanism of Renal Excretion of Fluoride Determined with Radiofluorine . oo 
Carlson 

Plasma Fluoride Concentrations in Relation to Fluoride Intake. Leon Singer 

New Developments in Methodology in Study of Calcified Tissues. D. Dziewiatkowski 

Chairmayr 


Some New Aspect Ultrastructure of Bone. Diego Carlstrém 


Histochemical Changes at Sites of Calcification. James Irving 

High Resolution Microradiography. Richard Greulich 

(Qluantitative Determination of Bone Mineral Content and Bone Density Jn Vivo 
Irom Standardized Roentgenog ims Harold Schraet 

gical Physiology of Bone and Caletum Metabolism. Franklin C. McLean, Chatrmar 

ypart hire Hyper tleaemia. G. Fanconi 


Pat! 


ol 
Idio} 


Studies on Acid Mucopolvsaccharides, Albert Dorfman 
Hypophosp! itasia. Donald Fraser 
Mechanisms of Mineralization in Molluses. Karl M. Wilbum 


fequests for attendance at the conference or for additional information should be directed 
to W. George Parks, Director, Department of Chemistry, University of Rhode Island, Kingston 
rom June 15 to ™*« pte mber i Ih ul shoul be idadre ssed to Colby Jun or Colle ge, Ne W London 
New Hampshire 


The 1959 Kappa Delta Award for the outstanding contribution in the field of orthopaedi« 
rv was given to Melvin J. Glimcher, M.D., Department of Biology, Massachusetts 
Institute of Technology for work entitled Molecular Structure and Biological Specificity in 
Mineralization. The Kappa Delta Award is made possible by the Sorority with more than 


surg 


ig 


t htv college chapters ind 235 chartered alumnae associations. The Sorority has been Su}p)- 


porting crippled children’s programs for several years 
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Book Reviews 


CONGENITAL ANOMALIES OF THE HAND AND THEIR SurGIcAL TREATMENT. Arthur Joseph Barsky, 
M.D., D.D:S. Springfield, Illinois, Charles C. Thomas, 1958. $5.75 
This monograph in the American Lecture Series in Orthopedic Surgery is based upon 
the author's series of 165 patients with congenital deformities of the hands and a survey of 
the literature of the last thirty-five years. Parts of it appeared in The Journal of Bone and 
Joint Surgery, 33-A: 35-64, Jan. 1951. There are short introductory chapters on incidence and 
etiology of congenital malformations of the hand with a succinct review of genetics as applied 
» these deformities. A simple grouping, rather than a complicated classification, is used and 
wh general type occurring in the series is the basis of a chapter showing typical cases, in- 
dence, some references to the literature, and method of treatment 
Utilizing his own experience, the author selects the most common deformity and discusses 
incidence, etiology, and treatment. Each type of deformity in descending frequency is thus 
ited. The discussions are clear and other authors are quoted extensively. The broad principles 
of treatment, rather than minute details, are listed. 
Che author’s style is relaxed and the book is easy to read. In addition to many illustrations, 
re is an adequate index and a glossary of terms used in this field 
This book should be of considerable value to obstetricians and pediatricians for it provides 
best answers, that we have up to this time, for parents of children with these anomalies 


Josep H Boyes V dD 


THe CervicaAL Synprome. Ed. 2. Ruth Jackson, B.A., M.D., F.A.C\S. Springfield, Illinois 
Charles C. Thomas, 1958. $6.50 

lor many vears Ruth Jackson has made an earnest effort to understand better the numer- 

orthopaedic and neurological entities manifest in the cervical Spine This second edition 

book presents her views and observations as they have evolved from a vast clinical 

nee. As would be anticipated, she has included a review of pertinent anatomical and 

physiological material. Many of the clinical symptoms are interpreted upon an anatomical 

isis. Allocation of pain in cervical-spine entities is truly a complex subject; we are con- 

onted with wide gaps in our knowledge. Dr. Jackson bridges most of these gaps by theories 


ig for the most part an anatomical basis 


, 
In this second edition, the monograph has forty new illustrations as well as more material 


whiplash injuries and more details on the interpretation of roentgenograms of the cervical 
Dr. Jackson speaks frequently of nerve-root irritation, but indicates that she means root 
compression. Whether or not this concept of nerve-root irritation is idequate to explain some 
he svmptoms ittributed to it has to be established 

While the term cervical svndrome is a catch-all to cover most of the entities related to 
cervical s} nd in itself means nothing, the author does urge that everv effort be 


made to arrive at an accurate and specific diagnosis. The use of the procaine test of Steimdler 
recommended as part of the diagnostic survey 
This splendid book is written primarily for clinicians and places in their hands abundant 
nformation that can be utilized in terms of decided benefit to the patient There is an excel- 
lent section on therapy, with numerous case studies for illustration 
The physi il qu ilities of the book are superb This monog iph has a place in the library 


of all physicians who treat cervical spines 


J. Vernon Luck, M.D 
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12 NEW BOOKS for Orthopedic Surgeons 


Vv Tested Applications 


VY New Techniques 


V Fresh Procedures 





FUNCTIONAL BRACING OF THE 
UPPER EXTREMITIES: The Ra- 
tionale, Principles, and Tech- 
niques of Upper Extremity 
Bracing to Prevent Deformi- 
ties and Restore Function by 
Miles H. Anderson, Univ. Cali- 
fornia. The first book ever pub- 
lished in which the subject of 
upper-extremity bracing is dis- 
cussed to the extent of giving de- 
tailed instructions for fabrication 
and fitting. Pub. ‘58, 480 pp. 
(8% x 11), 1057 il., $9.50 


DEGENERATIVE CHANGES IN 
THE STERNOCLAVICULAR AND 
ACROMIOCLAVICULAR JOINTS 
IN VARIOUS DECADES by An- 
thony F. DePalma, Jefferson 
Med. Coll. These observations per- 
mit the surgeon, internist, and 
pathologist to place the correct 
evaluation on the pathological 
processes encountered and point 
out the CORRECT METHOD OF 
MANAGEMENT. Pub. ‘57, 184 pp., 
196 il., (Amer. Lec. Orthopedic 
Surgery), $5.50 


ELONGATION TREATMENT OF 
LOW BACK PAIN by George H. 
Hassard and Charles Lambert 
Redd, both of Owens-lilinois Glass 
Company, Alton, Illinois. Basic 
considerations of musculo-fascio- 
ligamentous disorders are dis- 
cussed briefly. Then step-by-step 
illustrated procedures of examin- 
ing, testing, and treating these 
enigmas are presented. The scope 
of application is wider than the 
title implies, as procedures for 
treatment of other common soft 
tissue disorders are incorporated. 
To be published April 1959 





CONGENITAL ANOMALIES OF 
THE HAND AND THEIR SURGI- 
CAL TREATMENT by Arthur Jo- 
seph Barsky, Albert Einstein Coll. 
of Medicine. Based on the author's 
extensive experience in this field 
but written for the day-to-day use 
of the busy practitioner. Includes 
most of the known anomalies of 
the hand and presents treatment 
of each condition in step-by-step 
form. Pub. ‘58, 176 pp., 202 il., 
(Amer. Lec. Orthopedic Surgery), 
$5.75 


STRESS AND STRAIN IN BONES: 
Their Relation to Fractures 
and Osteogenesis by F. Gay- 
nor Evans, Wayne Univ. For the 
first time in one volume A CRITI- 
CAL DISCUSSION of the more im- 
portant experimental investigations 
on stress and strain in bones and 
bony tissue. Emphasis throughout 
on relation of stress and strain to 
fractures and fracture healing. 
Pub. ‘57, 264 pp., 96 il. (Amer. 
Lec. Medical Physics), $6.50 


THE CERVICAL SYNDROME by 
Ruth Jackson, Univ. Texas. Forty 
new illustrations taken from the 
personal examination and treat- 
ment of 1,000 more cases of cervi- 
cal spines add to the usefulness of 
this new edition. “This valuable 
book should be useful to the gen- 
eral practitioner, orthopedist, and 
neurosurgeon.”’—J.A.M.A. 2nd Ed. 
pub. Jan. ‘59, 205 pp., 215 il. (3 
in full color), $6.50 





THE HAND: Its Anatomy and 
Diseases by John J. Byrne, 
Boston Univ. The broad scope of 
this book covers all phases of hand 
disease including structure and 
development, infections, trauma, 
diseases, occupational stigmata, 
and reconstructive surgery. Well 
annotated with references which 
are not confined to American 
sources, but present a review of 
the available world literature of 
the past decade. Pub. Jan. ‘59, 
408 pp., 233 il., $10.50 


THE SURGICAL TREATMENT OF 
SCOLIOSIS by Louis A. Gold- 
stein, Univ. Rochester. For many 
years the orthopaedist has sought 
an authoritarian publication which 
would give him some of the an- 
swers he has been seeking in his 
care of the scoliotic child. Dr. Gold- 
stein’‘s monograph answers those 
questions. (Amer. Lec. Orthopedic 
Surgery.) To be published May 
1959 


HEMOPHILIC ARTHROPATHIES: 
The Principles and Practice of 
Orthopaedic Treatment by 
Henry H. Jordan, Lenox Hill 
Hosp., New York City. Demonstrat- 
ing for the first time the techniques 
for successful rehabilitation in the 
field of hemophilic arthropathies. 
Many fine illustrations including 
x-ray films of hemophilic joints. 
Pub. ‘58, 264 pp. (7 x 10), 64 il., 
$8.50 





BONE TUMORS: General As- 
pects and an Analysis of 2,276 
Cases by David C. Dahlin, 
Mayo Clinic. Based on a systematic 
nine-year review of the clinical, 
gross pathologic and histopatho- 
logic features of 2,276 consecutive 
primary tumors of bone seen at the 
Mayo Clinic, this amply illustrated 
presentation affords a handy ref- 
erence to salient features of vari- 
ous primary neoplasms of bone. 
Pub. ‘57, 236 pp. (82 x 11), 353 
il., $11.50 





LIGAMENT AND TENDON RE- 
LAXATION (Skeletal Disability) 
TREATED BY PROLOTHERAPY 
(Fibro-Osseous Proliferation) 
by George Stuart Hackett, Mer- 
cy Hosp., Canton, Ohio. Enables 
the reader to successfully carry out 
diagnosis and treatment and pro- 
vides a background for others to 
continue further investigation of 
ligament disability. 3rd Ed. pub. 
‘58, 160 pp., 32 il., $6.75 





LECTURES ON THE INTERPRE- 
TATION OF PAIN IN ORTHO- 
PEDIC PRACTICE by Arthur 
Steindler, State Univ. of lowa. 
Focuses attention on the pain 
phenomena of the locomotor sys- 
tem from the diagnostic point of 
view in order to facilitate earlier 
diagnosis and more effective man- 
agement. Each situation docu- 
mented by a number of clinical 
cases. To be published August 
1959 





CHARLES C THOMAS + PUBLISHER - 301-327 East Lawrence Avenue + SPRINGFIELD - ILLINOIS 
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A MODERN CORRECTIVE SHOE 
FOR EVERY Orthopedic NEED 


TARSO 
PRONATOR® 


For club feet and 
TARSO SUPINATOR® metatarsus varus. TARSO MEDIUS® 
For the postural f Pairs or single shoes. Straight neutral last shoe. 
correction of " Pronator. Pairs or sing'e 
flat feet. shoes. 
ue ter nonad dale os oe poe epee coun, ee ll H f Kf [ l SHOE COMPANY, INC. 
Brochure on request. 332 S Broadway, Yonkers nN Y 








The 
Ruth Jackson 
Cervical 
Collar 
of "CERVICAL SYNDROME” 


BY 
RUTH JACKSON, M.D., F.A.C.S. 


An all-purpose plastic collar for extension, stabilization, and the recommended 
flexed, or straight neck and ‘chin tucked in”, position indicated in whiplash sprains 
and other cervical conditions. Completely adjustable for proper fitting, position and 
support with minimal pressure at the ridge of the trapezius. Available to brace 
makers. 

Literature and reprint on request 


FLORIDA MANUFACTURING CORPORATION 
TERRY MOORE, PRESIDENT 
BOX 449 + DAYTONA BEACH, FLORIDA 














—_— 


Faeese ot sd Wir + To serve your complete needs in 
ORTHOPEDIC, PROSTHETIC 


and SURGICAL APPLIANCES 





house of BIDWELL ine. 


535 N. 27th Street 1134 Regent St. 
Milwaukee 8, Wis. Madison, Wisconsin 





58 


In answering advertisements, please mention The Journal of Bone and Joint Surgery. 














| 


_gllh 


 _—_— Nails are formed by 
2 €-O-L-D D-R-A-W-I-N-G 


al 


for higher proven tensile strength 


(not stamped on punch press; not rolled) 


Nails are formed by cold-drawing for higher proven tensile strength— 
not fabricated or stamped on punch press, or rolled. Nail has rounded 
cusp; no sharp bends or angle points which could cause fracture of the 
metal. Incidents of Kuntscher Nail failure due to breakage are unknown 
to our customers because of qualitative design and reliability in manufac- 
turing. SMo original Kuntscher Cloverleaf medullary nails, instruments and 
fracture equipment by Orthopedic are available at NO additional cost 


to the consumer through our company’s qualified surgical dealers. 





\ 


Kintscher Write for complete 
CLOVERLEAF NAILS 160-page catalog 


All diameters and lengths in stock 


for immediate delivery. 
Plants in Great Britain and Germany 


em 0 EQUIPMENT CO 
BOURBON, INDIANA P 
SPLINTS « FRACTURE EQUIPMENT - SMo INTERNAL BONE APPLIANCES - BONE INSTRUMENTS 
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FOR TREATMENT OF SPASTIC CASES + CEREBRAL PALSY +» STROKE + POLIO + HAND INJURIES 


General Electric Co. Silicone does not harden 


BOUNCING PUTTY : ag sts indefinitely 


3 
and,can be 


As a “trial order” send $2.00 for one $2.85 jar ; autoclaved. 


S. R. GITTENS, Distributor, 1620 Callowhill St., Phila. 30, Pa. 


NAD) VOLO NM WK) E cscciively ond with a minimum investment 6 
~ equipment. No dripping, no wringing, no re- 


peated applications. Each application gives 
at least 30 minutes effective moist heat. The 
Steam Pack is merely heated in water, wrap- 
ped in a towel, and applied. Standard equip- 
ment in leading hospitals and clinics across 
the nation. 

DESCRIPTIVE MATERIAL ON REQUEST 


CHATTANOOGA PHARMACAL CO., INC. 
CHATTANOOGA 5, TENNESSEE 


a 
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| fo Xe 
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/ 
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MASTER UNITS 

Four all stainless 

steel models to 

meet the various re- ¢ |} 
quirements in hos- D-3 2 Pack 
pitals, clinics, phy- 

sicians’ offices, and 

patients’ homes. 

Automatically main- 

tains Steam Packs in 

water at proper , 
temperature — con- , r 
stantly ready for ‘ : , = rt) 
immediate use. No , M-2 
plumbing used. : 12 Pack Mobile Unit 


wittiAms LUMBO-SACRAL FLEXION BRACE 


Orders filled at the request of members of the profession only 











Measurements: 1. Chest (about 4’ below nipple line); 2. Waist (at navel 
line); 3. Pelvic (Ya distance between greater trochanter and crest of ilium); 
4. Seventh cervical spinous process to the prominence of Coccyx. 


ALL ORTHOPAEDIC APPLIANCES 


MILLER BRACE CO. 
3902 Gaston Avenue Dallas, Texas 
For prompt service use our P. O. Box 7902 
Custom Built: Braces—Surgical Supports—Splints—Arch Supports—Folding 


Wheel Chairs—Aluminum Adjustable Crutches—Airfoam Head Halter Sets— 
Airfoam Rib Binders—Canes, Etc. 
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Stryker Electro Surgical Unit is becoming standard hospital equipment to ac- 

nmodate the increasing use of attachable surgical instruments 
The speed and power of the enclosed motor is controlled by the new explosion 
proof foot ch. The motor may be suspended from an IV stand or from the 
below. Each interchangeable instrument is light, sensitive and 
1 a single flexible cable. This variety of tools at the surgeon's finger 
tips allows versatility and adds artistry to his 

surgical skill 

Complete unit fits conveniently in a single 


foam rubber lined carrying case 





~ Rolo-Dermatome 
: : 148.00 
This well balanced hand piece : tos 


greatly compliments the skill of the 

orthopedic surgeon in cutting bone. Pencil-Grip Rotary 
A specially shaped high speed oscil- Handpiece 
lating blade, chisel or bone-plug 

cutter has been designed for every 

procedure the surgeon will perform. 

Completely safe for surgeon, pa- 

tient and operating room, personnel. 











Ask for the Stryker Bone Saw 
on approval—write today. 


The Bone Drill Handpiece Operates each of these tools J Color-Guide 


) 
Automatic N Screw Case 
\“< 


wan M 

‘,Qey Vee” Cote antes Drill AoA $25.00 
¥) Ry PF $24.80 ~ a LPR) se 
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Bone Drill Head Pl S¥ 
“ $110.00 

Jacobs Chuck 

| | Die SURGICAL AND HOSPITAL EQUIPMENT 


0 


Distributed in Canada by: Fisher & Burpe, Ltd., Winnipeg 





ee oe MICHIGAN 


Exclusive Agent for Export: Schueler & Co., 75 Cliff St., N.Y. 
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TO ORDER Prejha 


PRICES 
ABDUCTION PILLOW SPLINTS b 
with the new Wet-Prooft pillow 





3 sIxes: with one 


halter 
Small—6" pillow splint (up to 3 months) | | 7 75 
Medium—9" pillow splint (3 to 6 months) | ' : 
Large—12" pillow splint (over 6 months) 
COLORS: Pink, Yellow, or White 


Phone—Midway 4-6874 


MINNESOTA ORTHOPEDIC SERVICES 
1963 Cerl Street 


| with two 
halters 
$12.50 





St. Paul 13, Minn. POSTPAID 





method for at caste! 


KASTOFF .. . the new way to remove casts 
quickly, painlessly, safely. NOW... with 
the KASTOFF method even your technician 
can easily remove casts of the hardest 
materials without producing the fear, cuts, 
or burns among your patients of old fash- 
ioned cast removal methods. 
KASTOFF comes complete with turning 
clips and one dozen wires at $27.00, 
with additional wires and clips for $9.50 
per dozen. Write for illustrated booklet 
outlining the use of KASTOFF. Names of 
successful users of KASTOFF will be 
furnished upon request. 


Call your surgical supply man or write: 


KASTOFF 


P.O. BOX 8782, DALLAS 16, TEXAS 








* QUICKLY 

* ECONOMICALLY 
* EASILY 

* PAINLESSLY 

* SAFELY“ \ 


Use Kastoff on 


your next casf. 
You and your , 
patient will be ta 


glad you did. 
PRICE 








COMPLETE 


$27 
WIRES PER 
DOZEN 


' 9.50 





THE UNITED LIMB AND BRACE CO., INC. 


15 BERKELEY STREET BOSTON 16, MASSACHUSETTS 


Telephone: HAncock 6-4018 
Manufacturers of 
1 : 7 ] ee f . fi , 
“ This shows how the 


Soft Back Rubber Cushion Socket 


conforms to the stump when the patient is sitting down 
PAT. NO. 2253040 
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The Journal 
takes 


Another Step 
Forward 
in its 
71st Year 


The Steps 


e * . 
1889-1902 
An Annual 

(The Transactions) 
. 
1903-1915 
A Quarterly 
* 
1916-1918 
A Monthly 
— 
1919-1947 
A Quarterly 
o 
First British 
volume 1948 
_ 
1948-1953 
Eight Issues 
Four American 
Four British 
7 
1954-1958 
Ten Issues 
Six American 
Four British 


1959 
A MONTHLY 


EIGHT 
American Issues 


FOUR 


British Issues 

















In 1959 
THE AMERICAN VOLUME 
of 
The Journal of 


Bone and Joint Surgery 
will be published 
Eight Times a Year 


instead of six times as in 1954-1958 


There will be no increase in subscription 
price for the two additional issues. 


1959 American Volume *¢ 8 issues $14.50 


January July 
March September 
April October 
June December 


The British Volume will continue to be 
published four times a year 


1959 British Volume - 4 issues $7.50 


February 
May 
August 
November 


Subscriptions and Renewals to Both Volumes 


may be sent either to 
Boston or London 
The British Society of 
Bone and Joint Surgery 


82 Portland Place 
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